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VOLU.MK XVI. No. I. 

REPORT ON THE PREVALENCE OP SOME PESTS 
AND DISEASES IN THE WEST INDIES 
DURING 1915. 

{Cniiqyilcd fr(nn iJir Ncporfs i>f the prinripal lontt 
A ffi ten! lin'd! Officers ) 

^riiis is tlu‘ s(?vontli r(‘|»()r( ol* this soi*ios, IIk* latest |)i‘(‘vi(>n« 
one, that hn* lOll, a[)|M‘Mrini; in the ITf’s/ Indidii linHvlin, V <>I. 
X V\ |). I2I. Tiio |>reson1 r(‘[) Tt. covin's tlie jxn ioil rfjinnavy to 
IJeeeniher IhlT), and has been |>j*e|)ai*e<| in iho sainn way as 
jirovions OIK'S, IVoin inroianation .siijiplied by tin* Ai.^ricnli iira-l 
()flicf*rs in tlie se\ ca’al islands. 

KNTOMOM )( JISt’s VISITS. Diuili^ th(* YMMI’ the Kill Oinolo^isi 
V isit »m 1 ( li <‘nada in lA bniary and March, and Montsci-ral in didy. 

The iirincipal object, ol’ (,Im* visit to (irenada was lo study the 
('onditions wliich attiaid and inllneinx* tln< onlbrt'ahs ol’ tin* cacao 
thi‘i[)S ( JIeln)thrij)s ridunt tnefus), Absti'act,s of tin* report, on this 
visit liav(* been pnblishe<{ in tin* Aijneultnrd! Nf irs. Vbil. Xl\', 
p. oM, and in the Hevd n: Kvtoninhn/i/. Ybil. Ifl (ItMa), 

p. 17:]. 

The coiielnsions arrived .at a.s a result, of observations made 
dnrino the iMHirse of this visit, may be very brielly stated as 
I'ollows, Cacao thrips is not in itself a pest., but always an iiidica- 
t.iiJii of some unfavourable eoinlitiou alleetin^ t he In^alth and 
viooiu* i)i‘ the (\acao trees. 1dn»se unfavourable conditions may 
result fj'om unsuit abh* .soil, lack of shade, in.suincient or imfiroper 
drainac(*, exposure to wind, root disease, or in fact anything whicli 
interferes with the growth .ind jiroper developnnmt. of the (;acao 
trees. Measures whicdi tend to (.-orrect l]n*se unfavourable con- 
ditions will chock tin* attacks of thrips. and the agricultural 
practices whicli prevent tlieir recurrence and maintain a healthy 
condition in the cacao trres Yvill prevent attacks l>y this insect. 
A severe attack of thrips should be rogrixded as a certain indica- 

] 





tion that the trees are suffering from some unfavourable condition 
wliich should at onee be souglit out and corrected. 

The second of these visits, that to Montserrat, in July, had 
for its object the making of certain observations on the coiiclition 
oF the lime (Siltivation in that island. An abstract of the report 
on the observations made and conclusions arrived at during that 
visit was published in the Report on the Kxperiment Station, 
Montserrat, for Ihlo. 

MY(:OLOf;i?T\s VISITS. The .^^yco|ogist visited tlrenada in 
F(*brua7*y and Marcli in company wi!,h tla^ Kntomologist, and paid 
spe(aal attention to the subject of Rosellinia root disease of cacao. 
Tlie typ(‘ due to the species /». /V;;o was found to ho v'ery 
destructive in some upland cultivations visibsi, and a hitherto 
unrecognized typ(‘, due to a spec.i(*s not yi*t- determined, was found 
occasionally in the drier coastal districts. Attention was given 
to the cjiiestion of fungus control of scale insects, and the effects of 
tlifi practi<‘(‘ of iop[»ing tre(‘s to g<*t. rid of black blight. The 
report made was printed and circulates! hically. 

A 1)1 ief visit was paid U) Montseri-at, in July. The conc-lusion 
was reached t.hat the dying back f»f the roots, wliicb is a common 
feature of the failure of linn' tre<*s in that island, is bronglit about 
l)y weakly parasitic fungi which enter by way of wounds made 
by tb(‘ grubs of tln^ Kxcplitlialmus weevil wlnui (he ti*ccs ar<' not 
sullicicmtly vigorous to lienl them (juickly. 'fln^ die bat of the 
brantdn's apj)t»ars to l)e largely <bn* to a Diplodia, p!*oba])ly 
LasiodipfodinL TJirobrtfOKn*, wliicli again is not abn* to attack vigor- 
ously growing trt'cs. Jt is tin' opinion ol the .Mycologist tliat 
(do.st^ slieltei* toconst'rvt' tbchnmidil v of tin' air. and a soil covt'i ing 
t,() prevent, tlrving out of tin* upper layers of tin* soil would t'nabh* 
the tret's succt'ssfnily to rt'sist botli forms ol dis* ase. d'ln' in'cessity 
of t.!ies(» measnrt's is tint' itt the expostire .tntl lo.v lainfall of tlie 
tiistricts ninler limt*s as eomparctl with tin* cultivalitui of 
Dorninifa and 8t. lan ia. 

Ill July, Dominica was visitt'd for a continuation of tlie 
study of root dist'asts of Jinit' trtM's, During the year the rt*snlts 
thus obtained wt'rt' )»nt forwaid in J*ain])lilct Nt). 7h, tmtitled 
‘Diseases t)f Linn' d'rees in Ktu’est Dist riels'. Observations were 
alst) math' on tin* tlying out of tin* linn* t rt*t‘s on certain t)ld- 
establisheti lit'ltls. \o spt'cilie tlisease was found at. work : the 
trees seem to bav«* reac'ned the limit of t heir exislenee ninler the 
system of cult i vat it>ii followed. 

Climatk. 

GRKNADA. Ideal agricultural weather since May. Rainfall plen- 
tiful anti well distribut ed. Absence of injurious ht'avy winds. 

ST. ViNrKNT. Wet season. Rainfall unusually heavy, 122*7 1 iuclies 
at Botanic Station. 

ST. LUCIA. 1915 proved to bo the wettest year on record since 
1895. and it followed the driest year (19M) on record for 
twenty-five years. The rains were very beneficial to the 
cane cultivation in the usually dry southern coastal 
districts, but it proved too much for similar cultivation on 
heavy clay soils. 
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No increase in fungoid diseases gencM ally was uoIic<hI, iun\ 
tlie absence of serious out]»n‘aks of scale insects was 
jwobabl^Mliie to tlie favouralde condit ions for the develup- 
nient of tlic parasitic fungi. 

Rainfall at l^otanic Gardens. Castrit‘s, i:)o 70 inches: at 
Experiment Station, Choiseul, tio Sl indues. 

DOMINK’A, The climate during the year left much to Ix' dcsiivd. 
A hurricane passed over the island in August, and inflicted 
considerable damage, and a- strcug gale followaxl soon aftei’ 
in September. The rainfall w as excessive, amounting to 
IdO inches in Itoseaii, retarding many agricultural 
operations. 

MONTSERHAT. Ample rainfall was obtaimal Ironi April t»> the 
end of the year. Very high Avinds during part of the cotton- 
growing season. Rainfall at ( Jrovt' Station, 71 inches. 

ANTUJITA. A good year fiom an agiicadtnral [)()int of view was 
experienced. More tlian <».*] implies of rain fell at tlu‘ 
Botanic Station. 

ST. KITTS. The rainfall for the past year was alxuit (>(t inclujs in 
llie viilley dis(ri(;t and 00 in(*li(*s in t h(‘ m>rt hern distrij*!, 
being Hi inclu‘s above the ;ivt‘r.ig(‘ rainfall in the former 
district and .So in the latter. 

In c()nse(]U(‘nce of this tlu' cam' (trop will he a h(*avy 
OIK', and tlie (jol-ton mm ii hclow' tlic avcrag(*. 

NKVis. The w^eather, on tin* wdiole. w'as fairly moist, although 
th(* total rainfall (.'>2 Itt iiK'lu's) for the y<*ar w.ms 115 im*he.\ 
Ix'low t hat of last yc'.ir. Tin* show c'rs w’(‘r(‘ moi c in s<‘as:on. 
and inor(‘ hi'iielit was derived from thcin. 'Fhc storm irt 
August did gi’cat. daniag<* to the cotton (;i*op. On sonu' 
c.Aatcs in (‘xposed situations t he crop was almost ruined. 

VlRtilN ISLANDS. Though the total i*aiufall r«‘CMU'de(l (Olid I 
inches) was above t h(‘ av<*r;i.ge. y'*t <'i‘ops such as <*ot ton, 
ground provisions, eancs, ete.. sn tiered on aeeomit, of 
a snmniei* drought . '^I'he mouths of .hdy. August , Septem 
her, and pai*t (»f ()ctober wane dry. 

I’ART I.- INSECT RESTS. 

HY II. A. RALLOIT, M.S- 

Entomologist on the Stafl' of the Inr))eiia,l I lepait mcnl 
of Agriculture for (]rf» W(‘st iirdies. 


SutJAR ( ANK. 


MOTH BORER ^ Dlatrara sarrlKird/is), 

ST. VINCENT. (Generally present, locally sever(\ 

ST. LUCTA. General in cane Helds. Xo serious outbreak. 
ANTIGUA. Prevalent in all cane Helds 

AIONTSERRAT. Very general on cane plot in Experiment 
Station, 1915. No observations eisewtiere. 
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ANTIGUA. Common ilironghont island. 

ST. KITTS. Mot li borer can be found in any field of canes but 
there lias been no severe attaek during the year. 

XEVIS. Fairl}^ abundant on all estates. 

A^IROIN ISLANDS. Generally distributed ; floes a good deal of 
damage. 

WEEVIL BOREK {Sphenophom^ ftericrus), 

ST. LUCIA, (bmeral in cane lields. No serious outbreak. 

NEVIS. P'ouiid in a few placf*^, not vfuy plentifiib 

VIRGIN ISLANDS. No observations made. 

ROOT BORERS {Diftpyppps aiul K.vaph t]i(fhnns), 

ST. LUCTA. J^re.sent but no .serifnis damage don(^ 

MONTsiCRRA'r. No obsfu vation.s. 

ANTKD'A. K, pHuvirns found in earn* hfdds in soutluuai part 
of island. 

ST. KriTS. In certain distrifds the root borers both LarJniostcrna 
2Ptfrtipli>< and KxaphtJiulmns pHiniens liav«* l)(*en present and 
don(‘ much damage, especiall\ v>n cam's like li. 208 . wliich 
is Vf'ry suscc])tibl(‘. 

( )n om' estate ij\ the nortlu'rn district. IJ. CKuripn^ w.as found 
doing mucli flamage. and planters havt' hef'ii advised to 
take stf'ps to eollect tUf‘ hcfUles. 

NEVIS. l)ia[>n'|)<‘s not <d>s(‘rvf‘d. 

E. isnripnti not obser\ cd at tacking canes, but the adult 
in.sect may be I’ouud on ljedg<*s near cam* li«‘lds 

VIRGIN ISLANDS. I)iapn‘pe«. No ob.S(*rvations mad(‘. E.rswietis 
[)resent, adults attack v.arious plants. 

HARD DAI’K fiRUns. 

ANTIGUA. Considerable amount, of interest is ]>eing taken in 
(!onnexion witli these grubs (Lrtc/niafitex'nn sj). ) at tlie 
present time. Very common in lieavy lands of Central 
IMaiii. t'onsidfnable amount of damage being dune ])v tliis 
pest. 

ST. KITTS. Grubs of tlie bla<*k Jiard back {Ligyrim tumuloms) 
are found in large numbers, but no flamage is rocorfled. 
Grubs of the browu bard back {Larhnosterna j^^triielis) 
ar(* pi*evalent and do damage in certain districts. 

NEVIS. Ligyrm iumtiluHiis found in many cane fields. 

VIRGIN ISLANDS. The rliiiioceros beetle (Struiegxis titaruis) 
recorded. 

WHITE ANTS (TERMITES). 

ANTIGUA. These insects are found commonly in fields in central 
part of island. 



ST. KITTS. These insects have been found on one estate (hiriui-** 
the year, and poison bait applied witli suecevss. At l\>nd 
estate no record of their doiii^ any damage. 

MlsrKLLANKOUS INSK(TS 

ST. VINCENT. Mealy-bu^. 

ST, LUCIA. 1 he. larvae ol the corn <'ar-\vorin {f.aphifjunt 
friigipcrda) were reported a. tacking sn^ar-eaiu* in* St. 
Lucia, in Juno. The insects were controlled by the 
aj^plication of Paris ^reen and lime. 

CorrON. 

(’OTToN tS’oKM {Al(d)(U)ni argil (area), 

ST. VINCENT. No outbreak. 

ST. LUCIA. Very severe in all patches of cotton. 

MUNTSERKAT. First report.(‘d attacking two months old plants in 
fium‘ l!)lo, and generally dist rihut.<*d and severe all l!ir*ou;4li 
season. Fxpense of control pai't icidai’ly hea\ y on afcoiint. 
of wet season, and showers washin;^ oil* poison. Supplies 
of Ikiris ^re(‘n ran short but not to result in very s«'vere 
damage. 

ANTIGLA. Common (hi'ou^xheut ;^i’o\\ in^ season. (^)nsid(‘r ibli» 
amount of damage, dom* wher(‘ attacks m‘^le(.*,t ed. 

sr. KITTS. Th(3 cotton woi*m was very sev(*re in its .attacks in 
(uu’tain localiti(‘s, but was kept in check by poison. 

NEVIS. Very al)und.int tlu’ou^^hout. the island causing a certain 
amount of damage. Fit'kls wc*re att ac.ked as early as .lunc 
this sea.son. 

VIRtilN ISLANJhS. Generally di.strihute<], attacks locally severe. 

BOLL AND CORN EAR ^V^ORM (Ileliulliis ami LftpJi t/ff/Hft)- 

AIONTSKRRAT. //. ob.^yolclu. A few cases repf^rted, but tittle 
damage done. 

ANTIGUA. Fairly common, <ti<l but little damage. 

NEVLs. Not ob.sorved. 

The eotlon worm was present on old cot ton \r rianuary in 
Antigua, Nevis, and the Virgin Islands. The attacks on 
the year’s (lOlo-lO) crop began in June in Montserr.it, St. 
Kitts, and Nevis, and in July in Antigua. In St. V incent, 
although this insect did not occur as a p<*st during tla*. 
year uiuler review, it . as obs»*!’ved in Jinc. d’bis occur- 
rence in June and July constitutes a record lor tl <• 
appearama^ of the cjoltou worm iu tiicsc islands' iii 
Montserrat ami Antigua tla* attack continm-d n;dii 
through to tli(' end ol the y<*nr. In Si. Kitts it i •> nan 
tioned only in June, July ami October, wbil* in the V ir;oM 
Islands the ‘ worst atta< k on record’ oi*curr<*d in Nov»‘nil>‘>r 
and December, and continued into January l!Ub. 
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COTTON STAINERS. 

ST. VINCENT. Generally present, locally severe. 

ST. LL'ClA. Present but not serious. 

MONTSERRAT. Appeared in small numbers in July, in R 

localities. Fairly general in November in spite of efforts 
to control ; very little damage to main crop. 

ANTIGUA. Less pi*evalent than in previous seasons. 

ST. KITTS. Cotton Stainers have been present but there has been 
no actual damage, the cotton plants being turned in after 
lirst picking. 

NKVLS. Htainers were not as plentiful as in the past seasons. 

VIRGIN ISLANDS. Local attacks. 

Cotton Stainers were present in some iiuinbers in the Virgin 
Islands during January, Februaiy, Maicli, and April, 
being reported in the last of liutse months as common 
all over the island (Tortola). In Antigua they were 
fairly (jominon on old cotton during March. In Nevis they 
were not reported until November. 

In Montserrat the Curator sent out a (!ircular to planters 
du)*ing Juiu' with regard to taking measures to control 
cotton Stainers when t hey should make their appearance. 
Ill July tliey were atmudant, as evidenced by the fact that 
there wero collected on Lacre of cotton in a space of 
two weeks 7,tl0d cotton stainers. In August, they were 
reported as being abundant in a few localities, and in 
November as being abundant in some districts and con- 
trolled by collection in others. During December they 
became abundant in most parts of the island. 

Scale Insects. 

BLACK SCALE (Saisseful nipra), 

WHITE SC ALE {IJetnicJiioiLdsjm minor), 

ST. VINCENT. Black s(;ah*. Locally severe. 

MONTSERRAT. Bhii’k scale. A few .sporadic ca.ses only. 

White scale. Not observed. 

ANTIGUA. Black scalo. Found on old cotton. 

While scale. Found on old cotton. 

NEVUS. Tlu' white scale was ob.servod in a few fields, but not 
occurring to any great extent. 

VIRGIN ISLANDS. None observed. 

FLOWER-iJUU MAGGOT (Conlarinici gossypu). 

MONTSERRAT. Not lV|)orted. 

ANTIGUA. Not seen during year. 

NEVIS. Not observed. 

VIRGIN ISLANDS. Of doubtful occurrence (since confirmed). 
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LEAF-BLISTER MITE (Eviophtjes Qossypii). 

ST. VINC’ENT. Rather more prevalent, «liu‘ it is eonaidcred to 
less attention liavin^ been paid last sv*‘ason U» the destruc- 
tion of old cotton plants. 

ST. LUCIA, (xeneral, particularly on TplaiKt stumps. 

MONTSERRAT. Not more prevalent than usual, hut perhaps leas 
so, and no damage resulted. 

ANTIGUA. Common on old cotton. 

ST. KlTFS. Leaf-hlistei* mite is .always pn'sent on inaturi* cot ton, 
hut in St. 3\itts the plants are turned under at an (airly 
sta^e and little damage occurs. 

NEVIS. Very ahundaiit tliiou^hout I he island. 

VIRGIN ISLANDS. Geiierullv distributed in practically all cotton 
fields. 

Leaf-blister mite was re[)orted as occurring in the Virgin 
Islands in 8eptemb(n*, in Antigua and 8t. Kitts in October, 
and in Nevis in November. 

MISCELLANEOUS INSECTS. 

ST. viNt’ENT. Cryptorhynchus borer at Experiment Station. 
Thrips attac;k(‘d bolls. Tlu^ bronze be(*th‘ (('olasjiis 
om) occurred and was troubl(‘.som(*, (‘S])e(aally in He(|uia. 

MONTSERRAT. There wore ve;*y geiuiral attacks of aphis during 
this scas(.»n, parlicadarly in (exposed situations, and tin* liohls 
so attaciked looked sickly. A fc.atnrc was th(^ general 
al)Sence of tlie common r(‘d lady-bird ; a small dai'k specaes 
the larvae of wliich lias a waxy c.oviu’ing appeared to Im‘- 
the chi(*f control. Tliis spc'cics was not identili(‘d. ( \>tton 
seedlings were attacki^d hy (ait-worms in .Montserrat and 
some damagi* done during May. 

ANTIGUA. Isolated attacks of aplds noticed during year. 

ST. KITTS. Cocki’oachcs wcr(‘. very prevahmt and flid much 
damage, to the young [ilants on oiui estat(‘. (t ic kets wei*e 
present in large nnnib<‘rs on anolluir c'state and desti*oyed 
the cothni jus^ as the seed was germinating in the land. 

NEVIS. Cotton apliis was ol)serv(Ml in many of th*- (‘arly fields. 

Laehnopus was observed in a feav (k ids, hut the pest was not 
so abundant as it was last .season. 

VIRGIN ISLANDS. Tlie grey weevil, Laehnopus, wiis observed 
feeding on cotton. 

The year under review si-ein.s to navf3 been an mirsu.^d one for 
aphis as for cotton worm attacks. Luring July aphis was 
reported from Mont.s<‘i-rat and 1brt(»la, and in August the 
cemdition in Mont.s(.*rral was referred to as an unpi (M:edent ed 
attack. 

During June in St. Kitts then^ vvert^ two unusual insect 
attacks on young (jotton plants. 
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One of these was the instance of youii" cotton seedlings 
being severely attacked by cockroaches resulting in the 
loss of t he stand on a considerable area, and necessitating 
replanting. The insect concerned iji this attack was the 
common cockroach {Periplaneta aiwtralasiac). This is the 
iirst record of this insect as a pest of growing crops in 
these islands. 

The sei^ond of these attacks was that of the common Held 
(iricket (isHiviilis) atta(*king cotton in a similar 

manner. Instances of attacks on cotton by this insect 
have been observed in St. Kitts before. 

Cacao. 

Tliuirs (Ilcliothrijifi rubrocinctm). 

GRKNADA. Present in its usual habitats but less severe than last 
year. 

ST. VINCKNT. Geuerally present, locally si^veie. 

ST. LOCI A. ()])served in small nunibi'rs, but no attacks reeord(‘d 

DOMINICA. (j}(‘nerally present in cacao cultivation, and in om* 
instance in snIHcient numbers to gi\e soiiu‘ trouble in 
determining the ripeii(\ss of pods. 

In Grenada cacao thriiif^ was, in March, slated to liavc gone 
oil* to a e()nsiderable extent* in August to ))c showing 
strong in one locality : in Scpteinlx i* to ])e )/ad in ;i f(*w 
well delined places : and in December to be nut much in 
evidence. 

In Ht. ViiK'ciit, tlirips was reported to be attacking cacao 
badly, in May. Jn August il was reported not to 
so bad as in tin; (‘ai*l\ p.artof llic ye.'ii*. A parasitic fungus 
w’as found attacking thrips, in May. spraying w*as reported 
to be in progress in August. 

Mealy-bug and black blight were reported from Grenada in 
January. 


HEKTLE {Stciru!>toma dvprcssum). 

GRENADA. Loeally severe, but normal. 

SC ALE INSECTS AND MEALY-BUGS. 

GRENADA. ( >eeurred during year. 

ST. VINCKNT. ^lealy-bngs generally distributed. 

MISl’ELLANEOUS INSECTS. » 

GRENADA. Lineles.s termites. Local. 

Acrobat ant. Local. 

DOMINICA. The serious attack of root grubs on one. of the grafted 
cacao plots at ihcStation lias been checked by treatment 
with carbon bisulphide emulsion, and the application of a 
complete manure. The trouble has not spread during ltU5. 
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Limbs and other Citri^s. 

sc A LB INSKCTS. 

(iUBNADA. Tlu‘ pur[>k\ ^reen, snow, ;in»i ^(‘st fiH'liiin rod 
sc'jilos. 

sr. VIXCLNT. distrihutod, sovi'io. 

ST. LUCMA. Purplo, snow and i;roon soaU‘s oonmion tln oni;lioiit 
island on yonn^ trees. Estahlislied livvs rein:irk;il)ly lr<v*. 

DOMINK’A. On the wliol(\ tlie island eontiniKvs to lu‘ Tiim* Owhii 
s(‘vere attaeks ot* seale insinds. This is din* largely to llu* 
previileiKH^ of the fungus pai*;isilt‘8 whicli eont-imie to keep 
iho scales under control. Yonn^ linu* trees often sidl\‘r 
severely through the attacks of scale insects. 

M( »X JSERRA'i' There have not heen any severe* (l(*velopin(‘ntM (»f 
s(*ah*s on the cullivatioiL though areas art* still sullerin^ 
and scale insects apptsir to he the principal I’actt)!*. 

AXi'KJCA. ( Namnon in all hint*. (i(*lds. On the whole, less daniaj^e, 
(h)ne than in previous yi‘ars. 

NEVIS. The ^ret‘n anti tluj purpltt scales occur t-o a fairly ^rt'al 
extent in all the jilantat ions, d'hti whilt* sc ili^ alst> ottenrs 
tt) a fairly ^rt*at extent. 

VIRGIN ISLANDS. Sntiw scale. Parpit* scalt*. 

In Antieiia tin* ^reeu strait* riridis) and hlack 

hli^^ht W(*rc re[)t)rted as conmion tai limes in some <lis^li(^ls 
in March, and tlie purple scale {Lrj)itl<)sajtlie^< (wckii) w.is 
incrt‘a.sin;^. Jn Mt)ntst*rrat in April, tht^ whilt* scale 
(Cliionanpis ( itri) was rc{)t)rted on limes. 

UARK iiouER {LcptoHljjlKH pruonursit^). 

(GRENADA. Of doubtful occiirroiict*. 

I>0M1N1CA. Xt)t a serit'us pest durinj^ tJio y(*ar. 

ANTIGUA. ( )f dt)ul)tful oceTllTeUCO. 

TWIG uoiiEH {bjliiphUho^i mile), 

DOMINlCxV. Often found in isolated instane(*.s nt)t in any way 
serious. 

4NTTGUA. Not iioti(!ed during year. 

’ NEVIS. Not t)bservtid. 

ROOT BORER GRUBS (Didprepes hJxopJiUiftliniVi). 

ST. LUCIA. One case obs< rv<*tl. not .serious, as to whtjtlier A t)i- B 
most prt)bably Jk 

DOMINICA. Further evidence of etmsidcral)!** diuna;^<* inllitTed hy 
rtjot borers came itj the iiotitM; of tlie si alt. Tlr*y t-i'ii ii 
cause a st‘rit)us set- batik to yonn^ trci*s. 

MONl’SBRRAT. No further iiiforinatit)!! at'cnmnlat t?d in r<*; 2 ;ard Iti 
{Exopthtalmns esurieu A list is appt*iidctl (pa^t* 
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fthowing the numbers collected in Grove Station from 
March 1914 to October 1915. Fairly regular collections 
were made during the period from October 1914 to October 
1915 with a view to finding out the time of the principal 
emergence of this insect : 70,000 were collected in a few 
days on one estate, and at the end of May it was reported 
that 200,000 of these veevils had been collected on this 
estate. 

ANTIGUA. Severe attacks experienced on one estate. Enormous 
(juantities of Exophthalmus beetles caught early in year. 

NEVIS. Not observed. 

FHUIT FLY AND 0RAN(;E MOlli. 

DOMINICA. The orange moth is kept under control by spraying 
with lead arsenate, which is now part of tlie routine work 
on certain orange estates. 

NEVIS. Not observed. 

MISCELLANEOUS lNSfc( TS. 

ST. i.Uf’IA. Grasslioppers particularly troublesome upon young 
growths of limes and oranges, especially on tlie latter. 
Insects 2 inches long and grass green found aftei sunset 
and before sunrise. 

GRENADA-. The bark of young twigs on lime trees amongst cacao 
injured by an undiscovered insect on one estate in a wel 
district. 

NEVIS. None observed. 

VIR(UN ISLANDS. Iliapre[)es and Laclino])u.s. Both these beetles 
have been numerous attacking growing parts of siuli plants 
as limes, citrus plants, Bay plants and, to small extent, 
eottoiu 


Sweet Potatoes. 

SCAR ALEE (Cri/ptorhynchus baUdac). 

ANTIGUA. Beported from several localities. No serious damage 
done. 

ST, KIITS. This pest occurs in lands to tlie north which are 
constantly planted in sweet potatoes. 

NEVIS. Found in a few iields but not oceurrinj to anv trroat 
extent. 

VIRGIN ISLAND.^. None recorded. 

CATERPILLARS (Protoparce cniyulata, and others). 

ST. LUCIA. General. 

MONTSERRAT. ^lild attacks of tlie caterpillar Sule 2 )ta helcitalis. 

ANTIGUA. Fairly common in some fields bui no serious damatre 
doue, 

ST. KllTS. There was one attack of this insect at Pond estate, 
which was very severe during July, 

NBVIS* None observed. 
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VIRGIN ISLANDS. Of local occurrence. 

RED Sl'iDER {Telranychus tcl(irtufi), 

ST. LurfA. (General in dry districts. Xoi scvii in humid valleys. 

antic; U A. Xot noticed during the yeai*. 

MISCELLANEOL’S INSECTS. 

(;keNA1)A. Sln^s (F. occidentalis) i' l>ccn very dcstni(*tiv(» to 
potatoes at Morne llou^e .and Carriacoii. 'riiis sln^ is 
known in 8t. Lucia as Leather Jacket. 

DOMINICA. The palute orcidcntdlis) often oats 

ferociously of the leaves of the sw(‘et potatoes. The keep- 
ing of ducks is considered one of tlie best means of con- 
trolling this pest. 

MONTSERRAT. Tliero are general complaints about t he dostnuj- 
tion of newly jJanted sweet potato cuttings by the slug 
Veronicella. 

VIRGIN ISLANDS. Strate(/ns litanus (?) 

(Lu)UNd Nuts. 

(iREEN RUG. 

ST. VINCENT. Generally pre.s“nt, locally severe. 


MEALY- HUG. 

ST. LUi^A. Common. 

ANTKrUA. hound in experiment plots. 

LKAF-EATIN(i CATERPILLARS. 

ST. VINCENT. A Geometrid, not idoiititied, at Ratlio Mill. 
Woolly pyrol eaterpillar. 

^MONTSERRAT. General attacks of the woolly pyrol moth ; and if 
not controlled it. is (axpable of severe <lamagf*. The season 
of feeding seon^s to be (piite. .a long one, and it was e,oM- 
trolled in Grova^ fcjiatioii l)y the use of lead arsenate. In 
one field infested with tln^ caterpillar, crapauds were 
nt)ticed to be numerous. 

ANTIGUA. Found in experiment plots. 

MISCELLANEOUS INSECTS. 

MONTSERRAT. One or two other caterpillars attar^k t he growing 
plants but these hava* not been identified. 

ST, Krrrs. Plants of the gi >und nut were found at the Fxperi- 
ment Station attacked by tlie grub of Exapiinilamus 
eminens. 

CocO-NUTS. 

WHITE ELY [Aleyrmliciis corou). 

GRENADA. Generally digiributed. 
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ST. VINCENT. Generally distributed. (Leeward district.) 

ST. LUCIA. Coniinon in every ^^rove in young stage. Not 
observed in established ]>alnis. 

IJOMINU A. The attacks reported last year from St Joseph, 
Layou, and La Hant remain confined to tliis district. 

SCAi.E lN.SI£(rrs {AspkVwhis destructor, and others). 

GllEXADA. Generally distrilmted. 

ST. VINCENT. Generally distributed. 

ST. LUCIA. Generally distributed. 

DOMINICA. Same as above. Both are (*onimonly met with on 
coco-nuts throughout tlie island, but are of no serious eon- 
seijuenee apart I'rom the attack in the districts named. 

ANTKJUA. Less common than in previous years. 

NEVIS. Aspidiotus destructor observed in plantations and on 
coco-nut ti’ccs about the island. 

Vhis()}ii(i deUifera in many places ])ut not doing 

much <ianiage. 

VIIUJiN ISLANDS. Of local occurrence, sometimes st‘vere. 

WkkviL (Rhyurojjhvrus pobmu Hiu), 

ST. LUCIA, ( )ne (‘ase observed and treated. 

M IS( 'LLLAN LOUS I NSKCTS. 

sr. VINCENT. A bag woj’in at Tour;inia. No «lamage. 

Indian Corn. 

( OHN KAU WORM (//. obsoicto). 

GRENADA, (jienerally distributed. 

ST. VINCENT. Generally pre.sent, locally severe. 

ST. LUCIA. Corn ear worm very tnmhlesoine in com cultivation. 

MONTSERRAT. Generali} present throughout the year. 
{L, fnujipo'da). 

ANTIGUA. Invariably present. (H, obsolcta). 

ST. Kins. The corn ear worm has been very prevalent during 
the })ast year. 

NEVIS Ileliothis (truiujer. Observed in every fieldj and at times 
causing much loss. 

VIRGIN ISLANIXS. Hvliothis nrmiger. Attacks recorded in 
peasants’ corn. 

HARD BAC K GRUB<. 


ST. LUCIA. Plentiful but no damage noticed. 
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ANTIGUA. The grubs of Lachnofiterna sp. have oaiised considor- 
ablo loss ill coniioxioii with maize grown in eertaiu dis* 
triets of tlie island, 

ST. KITTS. Litrhuoi^iernu pntrifclis wore found in <>no 

inslanot' attaoking the roots. 

NEVIS. Xot ohsorvod. 

.MIS( ELI, AN ECUS INSE( FS. 

CIRENADA. A oaterpillar (probably Uelnithis) dost roved luiu h of 
the Carriaoou erop. 

ST. VINGENT. Diatraca mccJuiralix generally prt'sent, locally 
severe. Aphis generally dist.ribul«‘(l. (h'onu'trid citer- 
pillar attacks the silks. 

The corn ear worm inad(Mt.s app(‘aranc(‘ in St. Vincent in 

, I line. In Sept(‘iub(‘r it was very abimdaiil :\i tie* K^ptM-i- 
meiit Station, wlnae egg elnsleiN were (‘olleeled from 

theijorn plants on A acre in twelve' da\s. During .limeand 
.Inly a si'rions attack of this insi'ct was (‘\pei*i»‘need at, 
Be(|uia, where many ollitn* plants be, side's Indian corn 
W(‘re attacked. 

ANTKJUA. Hard back grubs attacked (;oi n roots in March and 
a^niin in IkHaanlier, wh(‘»-e tiiev were very common and 
causeil a considerable amount ol damag(‘. 

Onions. 


( ’ \TEurii LA ns. 

MoNTSKiMiAT. The black caterpili u* «»f J^nulonin sp. troublesome 
in a few localities. 

ANTIGUA. Common in all lields. 

NKVl-^ ObsiTVcd alt. irUi'iji you. 1}' unions in l.liu inn-.siM-y iind 

’ also larutT •''"H"':''''*' tins 

seas<m. 

Till 11 us (Thrijix f(ih({(''). 

MONTSEIIRAT. Oiic* j^fvero ivtlaok noli.r-d al windvv.sr.l in 
Kidiruary Itllo. 

ANTIGUA. Fairly common in lields when mop ripening, kittle 

or no damage (kmc. 


MLSCEI LANEOUS INfiJIXrrS. 


VIRGIN ISLANDS. Two vari<li.-s of wuims, prohably 
worm, (Piodenia r,,.. meliwo:,) sont to Head 
identification. 


ilie cut- 
( )thce for 


Onions were attacked by thrips in Antigua dnnn},' Jamiai v 
and in Montserrat during February. Hard back grubs 
caused some damage to this crop in Antigua m Di,o(-iid)er. 

Ants and mole crickets were troublesome in onion seed beds 
in St. Vincent in November. 
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Yams. 

scai>h; insect {Anjndioivfi bartii). 

ANTliiUA. Common throughout the island. Done little damage. 

ST. KITTS. Stored yams are usually attackerl hy this scale. 

(jRKKN Dressings. 

LEAP-EATING (CATERPILLARS. 

ST. viNccKNT. Lima bean worm, attacked Rouncoval peas, Lima 
beans, liengal beans, etc. 

ST. LUCIA. Slight attacks at certain seasons. 

MONTSERRAT. A moderately severe attack by caler[)illars of 
Bengal beans and allied plants in dune, but not resulting 
in severe damage. Mo cases recorded of lields being 
destroyed b}' caterpillar.s. 

ANTIGUA. Common in certain crops. 

ST KITTS. Leaf-eating caterpillars have attacked crops of Bengal 
and other leguminous plants planted as a green dressing. 

NEVIS. Thermemi (janmatalis observcnl attacking Lima beans 
in plot at Experiment Station. 

MISCELLANEOUS INSECTS. 

GRENADA. Undiscovered insect damaged the ftdiage of horse 
beans at Morno Rouge. 

ST. \TN(’ENT. Cr} ptorbynclms ))orer on Lima beans. Jiima 
b(‘an blotch miner. 

Eudainns piofeus attacked Lima beans. 

ST. r.UCTA. Red spider. Severe attacks in dry season. 

MONTSERRAT. A tiny boring caterpillar atta(‘ks the leaves of 
tlie jRina ))ean but not to cause much injury. 

ST. KITTS, Roiineeval and Lima beans planted in tlie Experi- 
ment Station have been attacked by a small worm boring 
into the stem. 

NEVIS. A boring larva of a small moth was observed at tlie 
Experiment Station doing considerable amount of damage 
in a plot of Bouncevals. Specimens were forwarded to 
Head Ollice. 

MlSCELLANKOUg INSECTS AND PESTS NOT OTHERWISE 
PROVIDED FOR. 

GRENADA. Slugs (known in St. Lucia as ‘ Leather Jackets ’) have 
been very destructive to yams, beans and potatoes at 
Carriacou and Morne Rouge. 

ST. VINCENT. Mite attacks cassava leaves. Tobacco was 
attacked by green bug during October. Arrowroot worm 
{Calpodee ethliaa). 
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ST, LUCIA. Stem maggot in inahogaiu' shoots and while cedar 
trees. 

DOMINICA. The plaint ain weevil as in former years is generally 
present in the sonlhern half of tlie island It is not re- 
ported from the liasoye district. In certain districts it 
makes plantain growing a dilhiaiUy. It is known to 
attack bananas, but not to anything like tht' same extent 
as tht‘ plantain. 

NEVIS. At Belmont estate and on other high lands consiilerablo 
damage has been done to })rovision ci’ops l>y slugs. 

VIRGIN ISLANDS, lidtoccra vnhra^ \\ large longii-orn be(»t lt\ is now 
established in the \*irgin Islands. It attacks mango, 
avocado pear, papa.w, banana., hog plum, specie's of Kicus, 
and the Bois Flot {Ochroma Ijatjopiix), sta* Aiiviridtuml 
XetcMf V(tl. XV, p. 71, F(‘b 2(1, Ihlti). 

Natitrai. Knemiks op In.iurioits Insects. 

PARASITIC AND DR EI)A< ROUS. 

ST. VINCENT. (1) Egg parasite of cassava haw'k motli (unidenti- 

lied). 

( 2 ) 2 . „ „ KmUtmus protcMx „ 

(2) 1. ,, „ ,, C((/po(ic.<i cthlius ,, 

( I) 2. ,, „ Nezara wrkhdit ,, 

(5) R. „ Tachiid parasites of f e/// //ns ,, 

(()) rrcda(u‘ous thrips attacks eggs of cotton 

Stainer I). del<iuuct/i. 

(7) M it-c attattks />j/.s*(/erc?f.v dchtudcj/i. 

(8) Prophamumx (deriti>i parasit i/es eggs of Dkitracn 

s(tr(‘}iar(tlin. 

(9) An orange-reil hymenopterem leared from eggs 

of Diafrara saf chandis. 

ST. LUCIA, The local Jack iSpaniard iP(>lit<ips i vinUtts)^ and the 
one from St. Vincent (Pdlislcs (uniidftiis) worked w'cll. 

NEVIS. The pai’asite (>[' tln^ cotton worm {Chdris sp. ) w'as 
ohserv(*ci in many Helds during the latter })a! t of tlic ye.ar. 
The liery gi’oiind beelh' was also ohservtal in some cotton 
Helds. 

CiENEiiAL Remarks. 

ST. LUCIA. The Agricultural SiiperintendcMit's time being so 
fully occupied with extra work in connexion w'itli tlio 
new schemes for the development of the island, it li.'cs not 
been possible to give ihcse observ«ations the close and 
regular attention they retpiire. 

MONTSERRAT. Ample rainfall wa.s obtained from April to tlic 
end of the year. V’^ery high wdnds during part of the 
cotton growing season. 

ST. KITTS. In consequence of the fine w^eatlier expei ieiiced, tln^ 
attack of insect and other pests have not been noticed to 
any extent. 
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NBVis. The crops, on the whole, wore not damaged badly by any 
pest save in case of cottton when the worms were not 
properlj’ dealt with. 

The slug (Veronicella orcidrntffUs) oeenrs tliroiighont the 
Ijesser Antilles. An article in the A f/rirullnral Neivs, Vol. 
XV, p. 138, Api'il 22, 1916, gave a general account of this 
]/est. 

Miscellaneous Insects. 

GKENAHA. Acrobat ant attacking Cacao. 

ST. VINCENT. Bagworin attacking coco-niits at Tourania. Xo 
damage. Dialrava sarrharal is attacking Indian corn. 
Afdiis attacking Indian (uwn. Geometrid caterpillar at- 
tacrk.s silks. Cryptorliyindins ])or‘‘r attacking cotton at 
FiXpt. Station, Thrips attacked holts. 

MONTSEllHAT. .Mc'aly-hng on c;otton. 

ST. Kins. Crickets utbickcd cottmi at Frigate Bay. 

GRENADA. Undiscovered inseet damaged the foliage of ]iors(> 
luains at Mornc* I?ouge. 

ST. VlNf’ENT. (nvptorhynchiis hoiMa* on Lima hcans. Lima 
hlotdi minin’ A'nc/anocs p?’oon(s attackc’d J.ima Ix^ans. 

.MONTSERRAT. A tiny horing caterpillar attacks th(‘ l<‘aves of tli<" 
Lima bean but mA- to causi* injury. 

ST. KI'ITS. Small WiU’iu boi’ing into the sttnus of Roum^eval 
and Jjiina beans at Fxpt. Statiiur A boring larva ol' a 
small moth was obsi'rvtMl at. Kxpt. Statiofi doing consider* 
jibU‘ (himage to Kouiuwals. Sp»'cimen siuit to Hf*Md 
Olhi^-. 

ST. VINCENT. A tb'onietrid not. idiuitiliefl attacking ground 
nnts at Uatho Mill. Woolly p}'i’ol (;:ilerpillar attacking 
ground inits. 

ST, KITTS. Kxopbthalmns attaerking ground nuts. Undisi^over- 
e<l insect injurtss bark of young lime treses amongst canes 
on on»' estate in a wel ilistrict. 

VIRGIN ISLANDS. Fxoplitlialmus attacking eitrus. Two vari«‘- 
ties of worms attacking onions (names unknown) sent to 
Head Ollici* for identiliisition. Strrttnjus tit(i}nis attacking 
swe(‘t jK)talO(‘.s. 
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FUNGOrS Axn IIACTKHIAL IHSKASFS. 

BY W. NOWFJJ., n.lJ , 

Myoolo^ist on tlio .Staff of the Imperial l>ep:irlmeiU v\‘ 
A^ricnlture t’oi* the liiiiirs. 

Sl'(JAH (\\M\ 

HOOT DISVA^K {2M((r(fs}niHs s((rrh(f I i, V/.tlAer, ainl a]lie<l sp<H-ies). 

(JltKXAhA. Focal attacks, not si*vcic. 

i>T. lAlciA. < \mimon, HO serious out 1. leak. 

ANTUJITa. F(‘ss prevalenr on cri^}) p;ro\\n diuini; Ihl-^ than usual, 
t )nc ni 1 wo llchls in t he part ol* j }ir inland \\ta*eha»lly 

attacked. 

ST KlTl's, This (lisisise ran l)c louiul t ln‘«)ujrli(>ut the island hut 
tlicr<‘ has hetai little <lamaLC‘‘ owin;-; t(» tin* t‘i\ourahle 
'Weather, ii. is \ m-y sns< i*pt ihli . 

NKVIs Mor(* pr»‘valent this \ ear, and if preve!ili\(‘ measures are 
not ad«»})ted it will somi I .akc a. .‘.1 rout!; Imhl in the island. 

Hl\l> FrXiO'S {Mvhnh'oiuuui s'lnlut r/\ .Massre). 

s r VtX' KN'l’. I\ep(»rte(l I'rom t wo c.stat(‘s. 

ST. jaT'iA. ('<»mmon hut not ahund.aut. 

AWTItil'A. I'airly cammion duriiii;’ (sirly part oT l!Hd ( ii over-ri[>e* 
canes. 

It El) RD'l’ {(^nl/rfotiit'lmm /(th'almn. Went.) 

Attracted no at tent ion in any isl.and 

eink-APPI.E 1)I.‘:;EAse. { 'I'lt .Manh. cl Grill ). 

Attracted no pai Fcular atlcution in any isl.aufl. 

OTIIKIt I)I.sE\SI:S up SP(i.\l<-( .we. 

NEVIS, ('ephalosporiinn s(trrlhfn\ Hu< Icr. w as ohserved on a t‘ew^ 
estates doini^ a hair .ajijonnt of flamapc. 

COI’TOX. 

ANTUR ACXO.sE (ditJh'tfdnrJi^nn fp>-^'<l/pi i , Sonth v,;. 

ST. VINCENT. Of minor ijn[)orlani c. 

MONTSERRAT. A few bolls noticed tr> he altack(vl hy what, 
appeared to he this flisiaiwc, hut it certainly is not of mueli 
impoi'taiieo, 

ANTIGUA. Not prevalent. 
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WEST INDIAN LEAF MILDEW. 

MONTSERRAT. Not at all general in spite of wet season. 

ANTKriJA. J^revalent (hiring latter end of season. 

ST. KITTS. This pest attacks cotton in damp districts but little 
damagt* has occurn^d from it during the year. 

NEVIS. Very abundant at the beginning and towards the end o£ 
the year. 

RAtTERIAI. ROLL DISEASE. 

ST. VINC ENT. ( Jenoral, and severe in places. 

MONTSERRAT. Not s’ery |)revalent. In one windward situation 
said to be badly drained it was vtuy common. 

antioda. Not common. 

ST. KITT.S. (In ae(^ount- of tlie heavy rains nmny of the bolls 
turned l)la(;k from this dis(‘ase. 

NEVIS. V(}ry abundant duriijg ihe wet months. 

VIRGIN ISLANDS. Occurred gtamvilly. 

ANGELAII LEAK SPOT. 

ST, VINCENT. ( leiKM’al, aiid .severe ill places. 

MONT.SERRAT. Kairly gemo-al and more of it than usual. 

ST. KITTS. Pr(*valeiib but doas not seem to do much damage. 

RLACK ARM. 

ST. VINCENT, (leiieral, .and severe in places. 

MONT.SERRA'r. Fairly common. 

OTHER ROLL DISEASES. 

ST. VIN(M^NT. Internal boll disiaxse (mused heavy losses in some 
fields late in the .sea.son. 

MONTSERRAT. Soft rot common as usual in damp localities. 

ST. KITT.S. Owing to rains there was much boll dropping. 
VIRGI.N ISLANDS. Tlie internal boll disease caused some lo.SHes. 

OTHER DISEASES OF COTTON. 

ST. KITTS. There has been no recurrence this year of the 
loggerhead and ourly-h'af diseases. 

NEVIS. A gale followed by hot and dry weather did considerable 
damage to the plants in August. During the wet months 
a large number of bolls became hard and did not open. 
Called ‘ chilled bolls \ Attributed to the weather conditions 
which also led to ‘ l)la(ik boll ’ and shedding. 

VIRGIN ISLANDS. On the north side of Tortola great losses 
occurred from boll dropping early in the year. 
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Cacao. 

ROOT orsBASifi Pcpo, Pat ). 

GRBNADA. Poftellhiid Pepo, ^onerally (list riUut ( m 1 in \vt‘( dis- 
tricts ; /A bimodrs (ui llihiscais ni*ai‘ cacao. 

ST. LU('1A. Coniinoii, hut woll iu liaiui. 

DOMINICA. Itis(|tiitoa common occun‘(*ii(‘i^ to s»‘i‘ patcln^s of 
cacao ttvcs (lyin^ l‘i*(uu this cause WIkmi ncojccUai, as in 
one instanc'C wliich (ta,m(' nude - oi)scr\ at ion, ii is capahlc 
ol* assuming alanniii;^ diimaisions and cansiiiir tin* dcaili oF 
several Jimidivd trc(‘s. Sliould he ti‘(\itc(l \ i^orously. 

CANKKU {Phi/fop)itJh>t'(t P(thrn\ .Manhj.). 

ST. CUCTA. C^nnnion ; iMSjuiri's mon* alttsit ion. 

nOAUNKW. ( Jetierally (list rihiitf‘d and is t lu‘ (*;nisc of th(' death 
ot‘ many trees ammally. 'rii(‘ varieti(^s ('ala hacillo and 
Anndonado anj rianarkably r(‘sist(*nt wlum compared with 
the Criolhr 

RLACK ROT OF l»ons {PhijlopJithnrd F(ibcri). 

ST. LUCIA, Common ; i*(‘(jud*<‘s noiM* at Umlion. 

DOMINK^A. dtitHly Fonnd on tives sntlerin^ iVom caid^ta*. 

BROWN ROT OF PODS (Lasbid iplodbt Tlicnb)'i>m(t(\ (iriil*. vd ManhI.). 

ST. LUCIA. No serious amonnt r(‘porl(*(l. hut ^•*M(‘rallv pre.s(‘nt. 

DOMI \MCA. No sev(‘r(‘ outhi’cak r(‘cord(Ml. Always pr('sent in 
cjacao pickings. ( 'ai‘(‘h*ss disposal oV cacao Imsks a(;counts 
to a lar^e ext(*nt For its (Mmtinued preseiic**. 

DIK-BAf’K AND STKM DISFASF {! Atsiod ipbji( id. I'hrobnntiffr). 

(iRENADA. Causes (^tima^e.in e;rou[)s C* tr(‘(‘s here and tli(*re. 

ST. LUCIA, Common ; no serious inleslations not(‘fk 

DOMINICA. Cacao trees ma.'. often h(» se(‘n dyin;.^ hack, lar^«dv 
as a n\sult of (exposure. 

PINK DISEASE (Coi'ticiuin ff(ilmonicobu\ 15. l Hr.), 

Not noted. Occurs to a small (extent in \V(*1 situations. 
i'‘UEAJ) RLKOfTS, 

Not noted. 

HORSE-HAIR BLHHIT (Mr/nistniics HarmeutoHUH, J5crk ). 

Not noted. Occurs to a small extent in wet oitaationr. 
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CJTHffll DISRASES OF CACAO, OR GENERAL REMARKS, 

ST. KITTS. Thoro is only one small cultivation of cacao, at 
Molineiix estate, and with the exception of the number of 
young pods turning ))lack, it seems fairly healthy, 

JjImes and Other Citrus Trees. 

black root disease (BoHclliina spp,). 

ST. LUC IA, Not known to occur in lime cultivations. 

DOMINICA. A large amount of infoiination regarding tliis 
disease has been obtained and published. It is now a matter 
for the })lanters concerned to see that the dis(*ase is coil 
trolled. u\tta(;k(‘d trees are commonly seen in districts 
recently cleared fi’om forest. No c.ist^ is on re(*ord in Domi- 
nica where the sour orange stock has been atla»‘ketl. and the 
local T)e})a]Tment and sevcual planters are «ixperimenting 
with limes hiiddtd on sour or.ange stocks. 

RED HOOT disease { Splucrro^Hlbc sp.). 

ST. I.UCIA. Not known to (.ccur. 

DOMINICA. ThfMlisease. on i!.»‘ coast is mainly contined in one 
district, but it is found on s(*v(*ral ^‘states in ibe interior. 
It is sttaidily gaining ground and, In spite of the (dl’oi'ts of 
t be local ot!ic(*rs of the Department to impress upon the 
]>lanteis conc<‘rned the impoilanct* of dealing with t)i(‘ 
mat ter, in most cases no thomngh tri‘atmcnt Inis bf^cn at- 
tempted. Dead I. re(\s .and stumps .'ire often h^ft unattended 
If) lor montlns. riidei* t 1 m‘ circumstances Uie spread of tlie 
disease is t') bi* exp(*ct(Ml. This disease W'as found on two 
gra])e fruit trees bndfled on sf)ur f)rang<‘ stocks. 

UNIDENTIFIED ROOT OR COLLAR DISEASE?. 

GRE:NAnA. Knsariuin disease suspected on limes in souiliern part 
of the island. TIu* disease is associated wdth lack of 
drainage. 

ST. LUCIA. ^ So far tlie plantations remain free from fungoid 
root diseases. 

riNK DISEASE {CovUcium salmonicolor, B. et Br.). 

DOMINICA. Th(‘ pink disease of lime branches w-as observed 
on two or tliree occasions in wet situations. 

OraKR DISEASES OF LIMES. 

ST. LUCIA. The fungus causing damping-off of seedlings was 
very destructive throughout the year, killing off the plants 
as soon as they appeared above the soil. The continuous 
rains made the fungicides used ineffective. 
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Sweet Potatoes. 

ROOT DISEASE sncrhan\ WakkerV 

ANTIGTA. A})pareiUly not as common as in previous years. 

WHITK RUST {Albwjii (tVstopiis.) sp.). 

Atlraclod no ])arli(4^ilar attention in any island. 

General Remarks. 

ST. KiTT.s. Swei't potatot\s ar(‘ cult ivated only in oin' distri('t in 
the island to any ^reat <‘xt.ent, lli(‘ I'states not planting 
tlnun as a croii. R'^youd attacks of Scarahee they ai »' 
liealthy. 

Coconuts. 
nun ROT. 

NF.VIS. Not known to ocMiur in tlic island. 

viuori^ ISLANDS. Not known. 

No recorded instamvs during* tin* year in any island. 

UOOl niSEASK 

GRENADA. S<mie trees s(*eii with dwindlin;; Icjps wore snspectaii 
ot‘ root disease. 

T.EAF DISEASES (Pc'<t(llu.. .id ind)n(i nnn , ), 

DOMINICA. TIk'IV liave been no r<*ports ol’ (»nl breaks during 
I hi:). 

CiCNEHAl. IGoMARKS. 

ST. KITTS. ( \jeo-nnts a re no! ;j^r<Avii on a lar^**. scab* in Jst. 
Kitl.s ; tile tn*' o.i the whoh*, aiv* >'eiy healthy. 

NEVIS. The plantaiions, on the \vliole, ai** p(*rf('ct,ly healthy. 

Indian Corn. 

RU.STS iPaccinia sp}>.j. 

bX. VINCENT. Brown rii.^t (Z\ Muydi^. Ber.) general hut not 
severe. 

MONISRRRAT. Brown rusi >‘ <;ars but has not been not i' od to he 
very prevalent. 

ANTIGUA. Comnioii in most fields ysi)eeies not lUab^d). 

SMUT ((Jsfilago Zatc, ( B**c k.) t/'iig.). 


MONTSERRAT. OucurH spuradk ally. 

ANTlQUA. More comiuon than in previous years. 
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ROOT DISEASE. 

ST. VINCENT. An undeterniined root disease has caused some 
loss. 

ANTlGfcJA. It is difficult to say to what extent root disease occurs. 

Imiuiee and Guinea Cobn. 

RUST {Paccima puTjpurea, Cke.). 

NEVIS, llust o(*<^‘urs tliroughout the island, but. as the .attack 
is generally when tin? ears are maturing, it is not considered 
serious. 

SMUT (Sphacelotheca fiorr/hif (Lk.) Clint.) 

ST. VINCENT. Occurs blit iiot to a serious extent. 

Ground Nuts. 

ROOT DISEASE (Sclerotium sp.). 

MONTSERRAT. Observed al Grove KAperiment Station. 

LEAF RUST avcv'hidiH, Lagk). 

ST. VINCENT, t nMH'i al and locally severe?. 

ST. UUCIA. Slight attacks. 

MONTSERRAT. Interesting resnlls were obtained in the control of 
rust by means of Bordeaux mixture. It was noticed, liow- 
evor, that iu»t all areas in ground nuts were attacked, and 
certain areas si*emed to be quite free from rust. 

ANTIGUA. Prevalent on foliage of plants grown at the Experi- 
ment Station, 

J.EAF SPOT {Cc}'r()}<pnra persoiiata, Ellis). 

MONTSERRAT. ( )ne ar«‘a which did nt)t .show rust wa.s badly 
spotted and it may have been this disease, though speci- 
mens were not s(*nt for examination. 

Oenerad Remarks. 

ST, KITTS. Ground imt.s are grown to some extent in tlie upper 
lands of St. Kitts but no diseases of any consequence have 
been reported. 

Gnions. 

RACTERIAL ROT. 

MONTSERRAT. Very prevalent on the crop reaped at Harris 
Station in February 11)15. Experience would seem 
to show that this disease is likely to occur on badly 
drained land, the soil at Harris being one of the wettest in 
the island on account of the contour of the surroundinsr 
hills. 
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ANTIGUA. Common after reaping. 


Gkner-al IIemauks. 

ST. KITTS. Onions are only grown on a small seale in St. Kitts. 

MONTSERRAT Jtiul AN rnU’A. Coiisiderahlt^ Irouhle was OKperi- 
eiieod with the dainping-oir of seedlings. 


Vams. 


TURKU DISKASKS. 

ANTIGUA. Not observed during the year. 

Wll/r DISKASrKS. 

ANTIGUA. Ke[)orted Iroin several hH‘aIities. Possibly did a eon 
siderable anion nt of tiainagt'. 

FuNca Pakasitr on Insists. 

ON S(’AKK INSECTS. 

(JRKNADA. Shi(‘ld seale fnngns, f .Vp/n/A>sp(»7’nm /moa/, W(‘ll dis- 
triliiited and ])lenliriil, Black Inngus, Aft/riatHjinHi t/uri^tri, 
s|>ars(‘lv disti*ibut(‘<l. Whit (‘-headiMl rnngus, Oplnmurl ria 
very wt‘ll distributed aial |)l(*nti)*nl. lh‘d- 
lieaded fungus, Splfdooslilba rarco/fJi tl(t. well flisi ribuled 
but not plentiful. 

ST. lATiA and nOMiNK A. The wet y<‘ai' 1 lUo was liiglily favour- 
able to all fungus parasites on scale insi‘ets. 

ANTKiUA. Shield scale, fungus, hlaek fungus, anil red heailed 
fungus probably more common than in pivvious yc'ars. 

NEVIS. The sliield scale lungns was observed f)n green scale, 
fA'i'aniHiH ririac, in damp loealitirs. 

ON OTHER INSEC 

ST. VINCENT. A fungus on tlu* cacao tlirips was noticasl which 
at some periods secuned to be vei y clh‘ctive in leducing 
the nuinbers (,>f that inseci. A new bp(*cies (; Cordyce[).s 
was found on a 8phenophorus l;oriiig in crotons. 

P H AXEROC A M K J b\R A S ITES. 

LOVE VINE (Ciiyirutd <uuc riru.Kt, L.. and sometimc'S 
Cassyilta liliforitns, L. ;. 

ST. LUCIA. A pe.st throughout the island. 

DOMINICA. Not reported from auy new localities. Xo seiiou.s 
elibrts have lietui made, tci stamp it out . 

ANTIGUA, [nereased during the year in om* local ity. 
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ST. KITTS. This pesl has increased latterly, especially alon^ the 
ravines near the road sides, but it is chietly confined 
to Ijedges and wayside plants, no valuable crops being 
attacked. 

NKVis. Very abundant in one nciglibourhciod and has got into 
a lime cultivation. 

VUUilX isLANhs. A very troublesome pest which scorns to be on 
the increase. 

MISTLKTOK. { Dendropatmni sp., Ph jvadendron 

ST. LUCIA. Very (?onimun throughout the island. 

DOMINICA. (Jonj.iimes to injure manv' acres ol cMiltivation in 
Dominica through n(‘gleei to cut out all'ec'tcd braiirdies. 

VIRCilN ISLANDS. A t roui)lesome pest. 

IIkmakks ON Axv Othkk IT.ant Diseases. 

ST. VMNCPiNr. Hoot disea.se allai krd ijeans in wet. sea.soiis and 
kjl]<'dthern. Tlie mosaic fliseasr of tobacco, and a l»ac- 
leiiai disea^;e of cassava wciv noticed. 

("fRENADA A <hs«'i\s(.‘ of nutmegs r(‘s(‘mbling a bleeding canker 
oT tlh’ St cun lias beeii observed to be locally severe 
in a wet district, Speeintens liave not yet been 
procured. 

A leaf spot disease of nutmegs h.is been reported from a wet 
district. Specimens examined by the Mycjologist bore 
a species of riiyllusticta, 

MONTSMlRA l. d be expormcntal plot of ])ine-apples at Grove 
Station suirered from a wilt- disea.se. The first 
indication.^ were a reddening of the hdiage and 
nliimately tlie drying t)f tlie leavt‘s. Tiie roots of 
diseased jdaiits were found to he in a decayed condition. 



SUMJfAKY OF DIBTKIHIJTION. 


riie lolK>\vii)^ l!il)]»‘ is iiitoink'd show tlu* stanis and 

(Hstrihuticni of llie insncts, fniiuji, and voi;otal)h' paiasitos 
attaekin^ the j)riiu*ipal crops. h has hotai drawn up from thi' 
information .ivailahlo at the Ifi’id ()iVu‘eoi (hr Department, and 
has not heen re suhmitted to the olheers iit the vario\is islands. 
While not (daimiiii; to he e\aet, it may hi* takcMi as ailordin^ 
a fair snnimary of the position <lurin. ; the year in (piestion. 

KXPI.AXATION OK SKJNS rSlil). 

^ - fj^enerally distrihnted. 

(J ‘::;enerally distril)nted, sovtse. 

I local. 

L locally severe. 

^1 (generally (list ril)Ute<l, locally seven* 
r lecurdtMl presvait. 

? donhtful oee,urr(‘nce. 

— not known to occur in the islairl. 

o no record during; the year. 

A hlank ajL^ainst, t-ln* }H‘st:. or disi'ases of anv particular crop 
means that the crop is not e;rv>wn at all or is not impur- 
lant in that island. 
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ROSBLLINIA ROOT DISEASES IN THE 
LESSER ANTILLES. 

liY \V. NOWELL, D.r.C., 

Myeol()i;ist on tlio StatT ol' llio Iinp^nial T >i'|),‘i]*tnu‘nt of 
uro for tlio Wost liidit's. 

TIk* /i(h^( llinht^ Ces. ot do Not . consis! s, .‘tci-onlin^' tn 

Lindaii in Die iKttih'lifhou jylimzviijnou/ ien, i)\' innrothaii 170 
sperios. It is re^ardod as oortain, lio\V4‘vor, Ilia! so far as tln^ 
spoc-ies aliNsidv' dos»*ril)od ar«^MS)ii(*ornod, 1 liis nmnhoi- would ho 
very eonsidorahly riMhu-od if a ^(unu’al siirxoy of Mi»« irtuiiis 
'A’ore inad(‘ and llio material on which tin* dcsrripi ions wc're 
based ( ompared. 

Tin* fiMiet ilications of most of t.ln‘ spec’ies are found on d 4 ‘a,d 
wood and hark, and tliey art* in tin* main assiiiiu'd lo he 
sapri^phyl t'-J. Sine.o th<‘ p‘‘rit ln‘ci.i of 1 hoso stiroii's known to ho 
(•ap:ihle of ])arasitism art* alst) protliictMl as a rnh* only on deatl 
malei'ial, their situation affords no rt‘al (‘vidtoioi* as to tin* modt* 
of life of tilt* mycelinm in its t*arlit*r sta;^(‘s. Any spi‘cit‘s of 
Kt)sellinia. occnrrini!; in tin* ni*i<;hhourh()od of cultivattsl tr<*(*s 
slionld therefort* he viewtsl with suspicion. 

Tilt* numht*]* of speci<‘s of Uosellinia known to the wi'it.t‘r to 
occur in t-lit^ \V(‘st Indies is livt*. Two of t,hi*s<\ /»\ hnnotfcK, 

; B. t‘t. P»r.) Sat*c., and /»'. Pepa, Pat . an* known to h(‘ tin* canso of 
desiriitdive root- distsa^es of cult i vat t‘d and othei* pla’its, mainh’ 
trt‘t*s or shrnhs ; the thiivl, a. speci<*s as yet imid«‘nl ilit*d, is 
snsp(‘(^t<‘d of h(‘ino the canst* of ;i root; tiist'asc* of cacao ; l lit* 
lonrtli, only lound as yet. on a tlead ti’(t*is. if tin* I t*nl a.t-i\'<* 
idt‘nt i Heat ion as //. bolhrbtn, B. et-. Br., is ctn*r«‘ct, known as 
causing.'. dt‘st ruclivt? root disease of tt*a and other t)lant,s in 
Ct'ylon ; tlie liftli, also fonml on a tit* id t rt‘»*. is rejiortt**] t«> hi* 
‘ij)t)ar(*ntly /»*. (Schw.) Sat^c , a spi*ci(*s as t o which 

1 liave no iid'oianat ion. 

With regard to Die name lutseUiniit hartii. Mass , ij;iv(*n at. 
Kt*w to a fnnons found in frinitlad on a falh‘n e:L'*.io hrantth, 
J. B. Bort*r, ( BM 1 } Mycologist to lln^ Boaid of A^i-icnlt iir<* in 
that island, remarks : — 

Tn reply to a letter fiom the writer, the Dirretor of the R'>y;il 
Gardens stited that the name A'osvV/oo'a /o//7// stjould ri(»t he used in 
eonne\ion with this fungus as a mistake liad been m ide in the determin 
ation,’ 

T. IILSTOUICAJ.. 

Extra- West-Ini )T\N Rp:f oi<i).s of Bosflllvia Oi.skasf.s, 

The literaturti at my disp. al thios not snllita* for anyt.hini^ 
approaching a comydet iM*evi«*w of the information yinhlished on 
liosellinia diseases in other parts of tht» world. .^\ny atteniy»t ai. 
such a I'eview is moreover ren(h*red dilTicailt l>y thi* absence from 
many reports concerning root diseHses of. trees o*' ad<'(yMat(*, 
information as to the cau.sative fungus. Delacroix (BUI ) rpiotes 
several such inadequate descriptions froins various conn trios, some 
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of which almost certainly and others possibly refer to Rosellinia 
disease. Affections of similar type would seem to occur or to 
have occurred in most tropical eountrics opened up to agriculture. 
That other fungi than Ilosellinia may however be the cause of 
such diseases in the Tropics has been clearly shown by Fetch and 
others in Ceylon and Malaya, and is illustrated by the occurrence, 
parallel with Ilosellinia disease, of the red root disease of lime 
trees in Dominica. 

The first disease attributable to Rosellinia to attract atten- 
tion f»*oni investigatoi’s seems to liave been the root rot 
(Pourridie, WeinMorkfaulc, Mnl Nero) of tlie vino in Europe, 
coiKieruiug whicli an important literature, not at present 
accessible to me, exists. Under the name ()f Demafophnra neentrix, 
R. Hartig, the causative fungus was known by its mycelial 
characters, as is usually the r ase with Rosellinias, Jong before the 
perfer;t form was rer.'ognized, and tr> Hartig only the conidial 
iGr'aphi'inn) friu.*tilication was known. Aoc()rding to the aerjount 
given h}^ Frillieux (n.d.) the perithecia were first diseovererl and 
described by Viala. As \v as pointed out by Bei’lese and JVillieux 
they are without doubt those of a Rostdlinia, and while some 
writers may bav(' included under the name Demat ophora 
mycelial forms not so conneetr'd, there can be little doubt from 
a comparison of Hartig s figures with tlu^ cbara<ders of other 
descrilied species of Rosellinia that lie was, in llu^ main, work- 
ing with the same fun * 708 . 

The disease is a very serious one in the vine-growing 
riouiitries of Europe and is recorded from the U. S A. It is sairl 
to occur only in w'ct soils. Many trees are rei'orded as being 
attacked by it, as also are a number of herbaceous ])laut8. 

In 1880 K. Hartig (Frillieux, n.d.) described Jfospllinin 
quercina as the cause of a disease attacking tlie roots of young 
oaks ill nursery beds in Germany. The fungus develops only 
under hot and humid conditions. 

Jn 1803 Frillieux and Delacroix (Frillieux, n.d.) gave an 
account of tlieir studies, upon the mulbtu-ry, of a root disease 
which also attacks liawthorn. birch and otlier trees, and is 
caused by Rosellinia aquila, (Fr.) de Not. It attacks the collar 
and superficial roots in a maiiiier very similar to tliat of the 
West Indian species afterwards to be described, and produces 
a conidial form (Sporoirichmn or Trichosporium), follo\^ed by 
peritliecia, on the surface of the dead wood. The branches of the 
tree dry up and die one after another in most of the observed 
cases, and in Nvet soils the tree dies in about three to four years. 
In other eases the tree dies much more suddenly, the drying up 
of the leaves and branches being completed in seven or eight 
days. Such cases occur more especially in certain alluvial soils. 
Under dryer conditions the disease develops more slowly. Similar 
differences in the development of the attack of the fungus will 
be described in connexion with Rosellinia disease of lime trees in 
Dominica. 

R. A. Wight (1889) gave an account of a root disease 
OoOlirring in New Zealand which attacks the roots of all the 
oommon orchard trees, the w^hitethorn, Abies, ferns, introduced 
vegetables, and several native trees and plants. Resinous pines 
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and roses are the only plants known to snooes/i fully resist its 
attacks. It spreads tliroiigh an orehani. killiTig the lu'rhaeeous 
plants as it until it reaches a tree. ]i a Hacks the hark of 

the stem just nuder the RiirFac<‘ of the sod aihl pvoc‘Ci‘iN along 
the roots. It is erratic in it.s pi ogress, aiul nia\ take a tree or 
a row hen' and llnav, or kill out an laitii e oicliard in a few y(\’irs. 

If is most ])lentifnl on the skirls of the [)riineval forests and 
on fern lands ad joining, when' no cult i\ at ion has ever Iummi 
r:'.sorted to. On dry lands where nalivi» stumps nmiain it is Vvay 
prevalent. Jl is conhmsl to dry s<»ils 

O. jMasaee ivc'eived ('olltM*! ions of mahal.il from Xe\\ 

Zealand containing a rnngus wliich he i(‘garil«'d as responsihle 
for tlie disease' above dcscrihc'd. I'roin 11 h‘ inyeelial charai't-ers 
it was reforreii to Dematoi'huvd jk i‘<(f rt.r, hnt. later simiku' ma- 
terial hearing perillu'cia i*aiiu' to hand an<l tin* fungus was 
(les<*rihed as a new spt'C'itvs. Jiosrllinh/ ntdu iix nj(t, Alass. In 
an experiment at Kew it was fonnd that inlest ed material placi'd 
111 a Ik)x of soil inh'cted an apple root and stsMlling beech 's. 

Jjater Masstn* (IdOl) dcst-rihed /^rsr/ha/V/, fv/z/nn/o, sent- lo 
Kew from the Jiotanic Oardens. Singapore, by ll. \, Uidley, 
Dire(dor, who wrot(' 

Some inontliH all tin? sliruhs in a jungly bn «)f l,hn tzanion, af the font 
of A largo I'lcu.s (hiltl'f , began to die, tiunum Idack, and the long i'(m>Is of tb<* 
Ficus (lid the same. A b fust I tbriight sonio woedloller liad Izetai cMiolessi> 
thrown int(» the wood, Imb the tt'iig c.cioased, every plant \vitlui‘’d and 
died, l(V)!<ing as if acid or Ixaling uatei liad Ihsmi tlirown upon it. .Vll 
kinds of dic<»tyledonoiis sliiubs and heibs, rattin.-^, />> oi (O'..os and ev<Mi 
some I tinned blaek and rotted. At last, the thing devidop,. 1 
on tile tig j’Oids and on the collai and roots of all the l let's and shni s 
aiound, and api>ears to be a deaiily fungus. 

Watt and Mann (ItlOd), wlio give r«‘rercn(*es li» Indian papers 
not by me, dcstualie a. Koscllinia root dise.asc of tea noted 

almost from the Ix'giiming of t ea planting in Indii. d’liey stale 
us a welhknovvn fact, t liat ce: tain shade tris's within a, garden, 
if killed, or h'lled, caiis(‘ t he deal h of a mimlier of tea hiislies 
around t lieir slnin})s. 'Plie tr(*es Avith tin* worst, ri'putation in 
this res[)e<.;t Ixdong to (he g<*nera MtUn, FiVtflhriii<t 

and Bombay^ all s()fJ AVtM)d(‘d ; Mvsna and (trcvillca are also 
attacked. Th(.i diseasi* is general in forest land and is the mo.st. 
usual cause of the circles of \ acancie.s so c(>mmoii in man\' 
gardens. 

J. B. (Jarrnthors (KMio) descrilx'd the constant lossc's from 
root disease in the hill-country l<*;i gard(*ns iii ( sylou, attrionl.iiig 
it in great par^ to a llosrdliriia of which he. oeeasionai.y found tlie 
peril hecia. An attenijit to infeed, a tea plant growing in a pot of 
.sU?rilize I soil by sow'ng the spon*s of th(! fungus failc.l, hut he 
.succeeded in getting a vigorous growth of tlie fungin by the 
same means on buried tea "‘»,nelu*s whieli liad been pi’eviously 
sterilized. 

T. Fetch (1910 h) in a later account divide's 'i[) tlie root diseases 
of tea in Ceylon amongst a nnmher of fungi, of whi<di he d( serioes 
five. The BoseLlinia appe.aivs to he the least common of th**.se, 
Several species occur in Ceylon, hnt in all ca.ses the fruclilications 
found on tea have proved to he those of li. boihr 4 tia, B. et Br. 
This species also attacks Panax, StrohilantheSj Orevillea, and 
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camphor, but has been seen to leave < uao and Hevea unaffected 
in a diseased area. It has been found once on Erythrina. It 
occurs at all elevations in the hills, but has not been seen in the 
low country. 

Fetch minimises the function of stumps as centres of origin 
for the disease, being of opinion that it generally begins from 
spore- infection of an accumulation of dead leaves such as may 
occur against a stump or prostrate log. The mycelium travels 
through the top 2 or 3 inches of soil if it contains a sufifi- 
cient amount of decaying vegetable matter, or on the surface 
under a layer of dead leaves. Under the favourable conditions 
supplied by a Pancix hedge it will travel 3 or 4 yards in a 
few weeks. On reaching a tea bush it travels down the root for a 
distance of about a foot. The mycelial characters and the form 
and method of fruiting a.s descril^e 1 by Fetch resemble very closely 
those of R. Pepo described below. 

Roaellinia b nodea, (B. et Br.; Sacc., previously known in 
Ceylon as a saprophyte only, ha.s recently been recorded by Fetch 
(1915) as parasitic tiiere on JHibisem. 

Reference is made fioin time to time to losses caused by root 
diseases, known in genoral terms as stump rot, on ^^otfee and 
other cultivated trees in Southern India. The causative fungi 
include a destructive ilosellinia, which according to a brief refer- 
ence by Fetch is R. hunodcs, and is parasitic on Coffeu, 

Massee (1895) reconls a disease ‘closely allied to Dematophora 
necattix' killing out Piper nigrum in Southern India (Mysore) over 
patches of the plantation up to 15 yards square, and fatal also 
to saplings and forest undergrowth occurring on the same site. 
E. G. Butler ( 1905) in reporting what is presumably the same 
disease from Mysore, gives the species of the fungus as Honellinia 
bunodis. and says that it kills out in patches both the pepper vines 
and their living supports. 


West Indies. 

Ill reviewing the records of the occurrence of root diseases 
in the West Indies, although the authors of the earlier 
descriptions do not as a rule report any observations of the 
fructilications, one is on fairly safe ground iu attributing the 
diseases described to Rosellinia. I am unable to agree with 
South (1912) ill regarding the disease referred to by Barber, 
Howard, Earle, and Auchiiileck^or which he adopts the name 
‘ white root disease ’ as being distinct from the ‘ black root 
disease * described by him. Under the latter name he has 
included the characters both of the form of the disease due to 
Rosellinia bunodes and of that due to R, Pepo. To the latter 
form when separated the descriptions of the * white root disease ' 
conform reasonably well, and close investigation in Dominica, 
St. Lucia, and Grenada has failed to reveal any other disease to 
which the early descriptions could possibly refer. The descrip- 
tion of the mycelium as white throughout might easily arise from 
a faiUii'e to connect the white fans, under the cortex with the 
very different dark mycelium on the exterior, which moreover is 
often onljr well developed when the fungus gets above the surface 
of th^ soil The attribution of the cacao root disease to 



a Basidiomyoete by both Howard and St onkdale, based on tin* 
finding of clamp connexions in ilie liypbat\ seems to indicate 
either that this character has less diagnostic* value* than the\ 
credited it with, or that tlie mvcelium of soin<* secondary fungus 
was present in the material examined. 

The first account seen referring to the Ihitish West Indies 
is that of Barber (1893) from Dominiea, whic*h exeept as regards 
the surmise as to the fructification needs no eonection to-dav. 

He says : — 

Perhaps the most seiious disease the caeji(» trees in Dominica 

is a carious one atfeoting the roots. A r.ree, in appaiontly gi oci soil, and - f 
considerable health and vigour, suddenly dries off from the root. The 
neighbouring trees are seen shortly to he similaily ali'ected niul froouenlly 
the patch of infected trees attains considerable diniimsions. laherian 
eoftee trees particularly seem to dry up, .iiid as it wore * petrify ' ivith all 
iheir berries on them. Where several cultivations aie mixed, ihemyste 
rious disease frei^uently selects one kind and works it-i way heneath the 
surface in search of its particular prey. In other oases again all the trees 
of the infected area seem liable to it. 

A careful examination has led mo to believe that this disease is caused 
by the mycelium of a fungus. In all oases I have bucceoded in discovering; 
a white fan-like network of hyphao between the bark and wood of the roots 
(i.e. in the cambium) and hy this fan-like network the root fungus may be 
known. The fructitioation is 1 believe a lateral grow'th of mushroom-like 
character which in usually seen on old trunks of dead tiees a few feet f**om 
the ground. But it is the irusidi )U.s mycelium which creeps from tree U) 
tree beno«ath the surface that wo have to fear, and one feels helpless 
against it. 

The following plants were noted as liabh* to att nek : mango, 
orange, bitter orange, lime, pois-donx {Inga sp.), eoifeo, cacao, 
lireadfruit, eddoes, sugar-cane, CifSHta AV.s//t/a, and cassava. 

Tlie author remarks tli.'it lie noticed a similar flisivisc call(‘d 
locally ’ saltpetre \ in tlic cacao and collce cult i vat ion in Jamaica, 

Since the estaldishment of the Imperial Department of 
Agriculture in 1909, reports of llic oiKJurrcncc of Jlo.sclliuia di.si asc 
have continued to come in from time to lime Irom Dominica, 8l. 
Lucia and Grenada, Recently tin* existence of lioHellinia 
diseases in 8t. Vincent lias been verirK'd. Thp more interesting 
communications are summarized below, 

DOMINICA. 

J901. Joseph Jones, Curator of tlie Dolaiiic Gardens, wrote: 

An instance of the supposed etfect of a dead avocado pear tree on the 
surrounding cacao was seen at this station. There is a behci in Dominica 
that when one of these trees is cub down in a cacao held the trees near die 
otf in a mysteriouH mauror. In the case in ipiustirm one of the cacao trees 
near the avocado stump was evidently atfeoied in some way and the roet 
systems of the two trees wore o'>nse<iuently exposed and carefully examined. 
Both root systems were atbao«od by fungi but it was impossible to 
determine whether the disease had spread from the avocado pear tree to 
the cacao, or vice versa. 

1905. Arabian coflee trees were reported dying in large 
numbers in a situation on wliich secondary forest had lieen felled 
flv© years previously. Co^a stenophylla seemed more resistent. 
Attributed by L. Lewton^raia, then Mycologist to the Depart- 
ment, &om specimens examined, to Dematoplwra. 
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1909. Three^year-old lime tree (planted oTit two years) 
growing near stump of mahaut rochon. killed by a fungus which 
from the description given was clearly Rosellinia sp. 

1909. The Curator wrote : — 

You are aware that on newly elean‘^1 forest lanri planted in limes, cacao, 
and cofree it quite common tor plants to <li(‘ out in patches during^ the early 
years after jilauting. This is said he due- tua fungus u hich develops on the 
decaying roots of certain forest trees. 'J'lu^ local treatment is to lime tho 
infected land and rcy»hint alter a period. With the decay of the forest roots 
the disease disappears. 

1910. Several of the bast leaking lime trees were dying on 
land rdetirefl from fore.st four sears previously ; trees planted 
three years, flitiiifall 150 inches. Many roots were still sound after 
the trees were dead. (Jne tree t‘xaniined.liiid only one diseased 
root, wlii(!h led to a mahaut cocdion stnnij). (.’learly Tlosellinia 
from the description. 

1910. A similar report from another estate ; I'lne trees 
Ij-1 years old dying off. 

ST. mu'iA. 

1907. (I. S. Htidson, Agricultural Instructor, reported that 
a root disease tit* cacao liad lately been much in evidence, killing 
off tlie lives in patcli(*s generally circumscribod liy the surface 
spread ol* the roots of smdi shade trees as liread fruit, bread-nut, 
and avoiNido pear. wlu<‘h had eitiier been killed, or were (lying 
from natural (jauses. The typical sign of the dis(‘ase is a while 
web found lu^tween the hark and Un‘ wood of old diseased roots. 
In a lettia* written tlie same year he statics tliat trei*s planted 
on a <liseased spot after a long interval have died out when tliev 
were about ten years old. 

1910. In coiisequence of a ‘scare* jiaragraph in a local 
newspaj'ier, J . C. Moore, Agricultural Superintendent, mad(‘ an 
extensive tour of tlie estates in order to o.stiinate the status of 
the disease on cacao. lie reported that it had been known for 
several years in the island, and was generally distributed but 
not- abundant. 

1911 et seq. Reference is made to the disease in the Reports 
of the Agricultural Department of St. Lucia from 1911 on, and 
the results are given of certain experiments carried out in 
connexion with it. In 1912 K. W. South and A. J. Brooks 
wrote a report on tlie sulqect of the disease which was published 
in a circular foi* local distribution. 

GRENADA. 

1901. The first Grenada reference traced is contained in a 
report by A. Howard, Mycologist to the Imperial Department of 
Agriculture, published in the Grenada Official Gazette, dealing 
with the disea.ses of cacao seen in the course of a month’s tour in 
that island in 1901. The author states that three patches, of 
diseased tives were seen occurring in good well-drained soil and 
surrounded by’^ healthy vigorous trees, and that the disease 
seemed to be identical with that describe by Barber in Domi- 
nica. In recommending the usual treatment he mentions that 
this had already been successfully carried out by planters in 



37 


dealing with a disease of mitmcg trees probaWv duo to the 
same fniigns 

o , 

• 

19.10. Dll an estate in a forest locality a lar^e niimhor of 
cases of Kosellinia disease attacking k'astilloa occurred. 'Flic 
fungus was afterwards stated In iSoutli, wlio examined ilic 
specimens, to he if. bimndcfy, wliioli was idcntilied from the same 
district in 1912, causing root, iliseasi' of camphor plants in aii 
experiment plot . 

In the same year (r. th AiU'hiiilcck ( I!H0). thr local Snjicr 
intendent of Agriculture, delivei-ed a lect in on ?*ooi diseases nf 
cacao. He exliilhited a [ihotograph, of wliicli a c«)py is hefort' uk', 
(d‘ the fandike clusters of mycadium under the hark, and I liave no 
hesitation in sa 3 ’ing that this is Uoselliuia, in all pivihahility 
R, Pepn. He expressed the opinion that the diseas(‘ was i oni' 
moner in Grenada tlk.xii was gmierally helit'ved, and repoiUal 
liaving recently found it in ihti u))land cult ivatioiis of sevt'ral 
parishes. It is most j>rcvalent on the. heavy elays of monniain 
laiifls. He gave as additional host plants observed in Gr(‘nada : 
coffee, nutmegs, breadfruit, and bananas. 

A type of ca<aio root dis(‘asc occurring on soim‘ of the Iciw - 
land estates, due to a third s[)eci(*s as yet nnident iFK'd and 
apparently undescribtal was r(‘centlv found liy tl»e presmit writer 
(l91o), 

ST. VlXl’KNl. 

In St. Vincent a disease of arrow'root known as binning lias 
bi*eu known for many years. Sjjcciimms \v(M*c siait lo Kew in 
1891. Soutli (1912) sngg(*ste(l il;e connexion of (bis «lis<X‘ise 
with llosellinia, ami this has btaai «;onlirmcd by tljc presmd 
writer, the s])ecies being I’eferred on the grounds of its mycidial 
(•haracters to ii. Iniuodcs. 

Hontli (loc. (^it.) reports till* linding of a (l\ ing cai/ao tree wntli 
a mycelium similar to th il of his Idads root discas*', and, on tlie 
edge of a li<‘ld of diseased arrowroot, of cacao seedling.-' w’it.h 
niycelinni, (a>jiidio[)horcs and p»*i it }a;cia. \'cry like t hose .seen by 
him in Dominica, i.e , ,1 /;. bimodih. Tlii . i.s tin* only instance 
of that species attacking cacao with whicli 1 am ac( jnaintr‘d. 

Recently the writer found immbcis of dead ami dying cacao 
trees in one locality whi(di witc heavily infested witli the 
unidentified S[)ecics mentioned as fKcnrring in Grenada 

.JAM.MP V. 

Although it is Clear that tlii.s <jr a -‘losely similar disease 
oecnr.s in Jamaicn I have tr rneJ few' pnhli.shcd /ccords. Harbcr’.^ 
reference has already been j. • ntioued. Piai le, (19(Kj) in a rt port, 
of a journey made in 1902. the, oh|<*ct. of wbi(di was tlie '.ivcsti- 
gation of diseases of economic plard.-i, rehnx to a. serious looL 
disease of logwood tree.s which aH'ects Iree.s in groups a. id 
spreads in constantly widening ciicles. A white myc'climn 
is abundantly develojied between the hark and the wood 
Seemingly healthy trees near the horder of inie.'^ted areas 
had tho roots on the side next lo the dying trec^ atiaeki d, while 
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those on the other side were perfectly healthy. The disease 
occurred under very various conditions of soil and drainage. It 
was stated by labourers that the roots of cassava rotted if it was 
planted on infested land. 

In an editorial review of Stockdale's pamphlet on Sanitation 
of Cacao Orchards, the Journal of the Jamaica Agricultural 
Society (1909) says 

We have always known that [avocado] pear trees among cocoa trees 
were inimical to the health of the cocoa. Whenever a pear tree dies — ^and 
in many districts, just those where cocoa is most grown too, where it is 
humid and soils are heavy, the life of the pear tree is short —its roots rot 
and are usually a mass of corruption, which may infect all the trees in the 
cultivation. 

THE FRENCH ANTILLES. 

The available literature respecting llosellinia disease in 
Guadeloupe and Martinique mostly has reference to its occurrence 
on coffee. As early as IS 12 Guerin- Meneville and Perrottet 
wrote concerning this plant in the Antilles (trans.) : — 

A disease attacks the coffee trees in some localities and is the cause 
of their death at the time whoa one expects it least. The disease, which 
develops in the ground, poisons, according to local opinion, all the coffee 
trees attacked by it. It is caused by a very small fungus, which spreads in 
a very short space of time, especially when the soil is rich in easily 
decomposed vegetable remains. Such material favours the growth of the 
fungus by maintaining a constant humidity at the foot of the tree and by 
hindering the circulation of the air in that region. 

The authors recommend that the diseased trees be dug up 
and burnt, and the infested soil cleared of vegetation. 

Delacroix (1900) under the name of pourridie des ravines 
gives an account of a disease of Arabian coffee of which he had 
received numerous examples from Guadeloupe. No fructifications 
were present, but the mycelial characters closely resembled 
those of RofieUinta uecatrix, and tlie author figures the familiar 
' varicose’ hyphae characteristic of Rosellinia spp. Accoi’diiig 
to information supplied with the specimens the disease spreads 
to the coffee from the roots of pois-doux (Inga sp.) used as shelter. 
Annatto (tiixa orellana) is also susceptible. The disease upon 
the coffee is complicated by the presence of eelworms. 

Patouillard (1910) examined similar material sent from 
Guadeloupe, and reported that the general aspect of the mycelium 
suggested Rosellinia or Dematophora, 

Bordaz, in an article published in a Martinique newspaper 
in 1914, referred to a very destructive root disease on cacao and 
other trees in that island In acknowledging recently a copy of 
Pamphlet 79 of this Department, he writes : * the description of the 
disease of limes and cacao (Rosellinia] puts it beyond all question 
that here, at least on cacao, we suffer from the same affection.’ 

PORTO RICO. 

G. L. Fawcett (1915) discussing coffee diseases in Porto Rico 
gives an account of two types, white and black, of a root disease 
mind in many plantations. Of these he reports that the black 
type, which is perhaps the more common and has been more 
thoroughly studied, is due to Rosellinia sp., apparently R, bunodes. 
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The accotmt given corresponds exactly, in the description of 
the fungus and of the conditions of occurrence of the disease, to 
the situation on lime estates in forest clearings in Dominica* It 
may be noted, however, that while in Porto Rico Fawcett has foiind 
perithecia only twice, in Dominica the present writer has found 
those of JR. btinodeH very frequently, oftfui long before the lives 
were killed. In the latter island the ‘ white ’ type of the disf'ase 
has been shown to be due to NoseUinia Pepo. 

INVESTIGATION HY THE MVCOLCmHSTS OP THE IMrEHlAH 
DEPARTMENT OF A(HllPUl/nJUE. 

From time to time notes and articles on tlie subjecjl of 
Rosellinia disease in Dominica, Cfrenada, and 8t. liucia, written 
by the mycologist for the time being of tlie Inqvrial Dtipartment 
of Agriculture, have appeared in the Dtqiartmental publications. 
It should bo noted that these ofticers have been stationed in 
Barbados, and dependent for tlieir information on shipped 
material and on observations made during short and infrequent 
visits. 

A. Howard (1901-2), in addition to the Gnniada rcfereiuv 
already given, jmblished a short note repeating the same infor- 
mation and referring briefly to material of identieal appearance 
received from Dominica. 

F. A. vStockdale (1905-9) briefly (h*s(.*ribed th(‘ disease as it 
affects cacao in Grenada, Doiaini(‘a and St. Lucia. He legai'ded 
as an establislied fact the spread of the fungus to cacao from the 
roots of pois-doiix and breadfruit, but. ivcvrds the (>c(;urrence of 
cases in fields from which shade trees were absent/. H(j refers 
to the typical star-like wel) of while myivlium between bark and 
vvood. He was not acquainted witli any fructiiications of the 
fungus. 

F. VV. South (1909-13) investigated and described in detail 
what he named tlie black root disease of limes and (?acao in 
Dominica and St. Lucia, showed the. identity or close, similarity 
of the causative fungi <m these ami a large number of other 
host plants, and, by the tindiiig of both conidial and perithecia I 
fructifications, proved them to belong to tin* genus Rosellinia. 
Two kinds of perithecia were found, of which one type was 
identified at Kew as R. buaodes ; the material of the other was 
immature and could not be deteriiiiiied, but by comparison with 
later collections is now known to belong to A'. Pepo. 

South was of opinion that infee.tion with the fungus 
mainly takes place by root contact witli previously infested trees 
or decaying logs, but he notes t he oc<*niTence of instances whent* 
trees become infccD 3 d with no such sources near, and cases where 
there is room for the supjiosititm that the fungus lias coininenced 
its attack on the collai ju.st below the surface of the ground. 
South and Brooks (1912) say tlint tlie fungus does not appijar to 
grow in decaying humus. 

W. Nowell (1913*1(3). The presuit writer has slndied 
Hosellinia di.sea8C.s in f:>t. Lucia. Dominica, Grenada, and St, 
Vincent. As mentioned in the introflucthni, fisv s[)ef ios have lieeii 
found, and are discussed separately h<*low. 
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IL-^THE FUNGI CONCERNED IN ROSKLLINIA 
DISEASES IN THE LESSER ANTILLES. 

A. Roselllvja Pepo., Pat. 

This species was originally described by Patouillard in 1908 
from material on the bark ol Hymcnaea Courbarll collected by 
Duss in Guadeloupe. In the Britisli Antilles the perithecia have 
been collected in Dominica, St. Lu(*ia, and Grenada. From tlie 

S ublished accounts of root diseases in Jamaica, Porto Rico and 
lartinique, it Beems probable that the species also occurs in those 
islands. 

Its most general importance is due to its attacks on cacao, 
but it is capable of producing d(‘structivc cfFects on any of the 
ordinary crop plants, herbaceous or woody, which are planted on 
land recently cleared Irom f<»rest. Under such circumstance^^, 
limes in Dominica have sullered severely from this species, as 
well a.s from Jl, biinodcs. 

When? cacao trees haw Imhmi killed by the fungus and other 
plants liavo been put in for temporary fillers, I have seen 
dashcens, bananas, ])ig<?on pea, cassava, and horse bean all 
attacked. 8ui];ar cane liavS several times been seen to survive, 
but 1 cannot say that it is really immune. Barber includes it in 
his list of plants afl'ectcd, 

Patouillard ’s description of tlu' fungus is as follows (trans.) : — 

Perithecia scattered or in groups, situated on the crustiiceous conidia- 
hcaring subicio, globose, somewhat stalked, 2*0 to 3 millimetres in diameter, 
darli brown, carbonaceou.-^, funii>hcd with a cmiical shiny black osteole, 
remaining closed, surrounded by a darker somewhat iio re flattened areole ; 
asci elougaio, ci})itute at the ajiex. fumibhod with an ovoid pore, turning 
blue witii iodine, much attenuated below, cigiit sporecl, 10 to 12 microns in 
breadth ; paraphyses numerous, linear ; spores brown, straight, fusiform, 
pointed at. e.cch end, measuring 02 to 07 by S t(> 0 microns, at first increased 
«»u each end by a glassy halo, later bare. 

There are pios»mt erect c»>uidiop!iores (Giaphium) 1 to .‘l mm. in 
length, ilO to 00 microns broad, ccmpo.scd of brown septate hyphao 1 to 0 
microns thick, situated on the crustaceous subicle. Cuiiidia not seen. 

The j)ei*itheci;i arc borne, usually at tlie base of the stem, 
amongst and in suc(!e.ssion to the eonidial fructifiiiations, on the 
somewlmt carbonaceous layer which is formed on and in bark 
whieh lias become thoroughly -infested. 

The perithee/ia are formed much less freely lliiii in the case 
of R, and in spite of long-continued search, material 

containing ripe asci has only once been obtained in the British 
islands ; f.hia was found by the writer on a dead lime tree in 
Dominica, in a situation Avitli an annual rainfall of some 250 
inches. Examination of tbi.s material at Kew enabled Miss 
E. M. Wakefield to identify the fungus as Patouillard’s species. 

, The pel ithecia are normally slightly verrueose (Fig. 1) bub 
are aoinetiines found smootli. Apparently this is due to weather- 
ing, though^possibly (op. /?. bunodes) there is some variation in 
the amount of roughness developed. 
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The conidial fructifications are of the Gvaphiuvi typ»' iio>uro(i 
by various authors in counexioii witli nosel/inia nrcatri.r and 
other doscribe(i speeies. Tluiy occur previous to the development 
of peritheoia and are borne on tlie hla(*k siirl'act* mycelimn which 
develops wherever the fungus reaches th(‘ optm" under damp 
conditions. Each lias the form id' a hlae-k ))ristl(*-liki' stalk 
2 to 3 Him. long, hnili up of perpcmdicMilar hypliae which branch 
out freely at the top into a tuft, which is wlul(‘ ov whitish to the 
naked eye from the conidia which (‘over it. ddie conidia an‘ 
borne latm'ally towards the terminations of tlif\s«‘ hram^hes ; the 
cells which hear them have a somewhat zig-zag or corkscrew 
appearance from tlieir tendency to bend away I'rom the point ol* 
attachment of a conidium. ( l^^ig. 12, F.) The conidia are rounded 
or oval, one-cedkd, about 5 microns in hmgt h. 

The cunidial fruediticatious are devidoped in very great 
abimdaiKie (Fig. 2) and have heiai seen on deafl leaves, t wig.s, and 
old lime skins lying und<*r close shelter ben(-‘ath infesU'd trees. 

The most striking characb ristic ot t/his s|>i‘cies is the product- 
t-ion of fans or stars of while my»*tdium in th(‘ ri'gion ol* tiu* 
cambium (lietwc'en bark and wood) of the roots (Fig. 3). Tht^ 
])resence of these di.stillguislu^s it at onc(» from I{. Ixmodcs. 
A somewhat similar appearance may be produced by the 
unidentified sp(‘ci(‘s (( *), bnt in the (*xaniples of tie* latt(‘r hingiis 
seen, the growth has Ixmmi v»‘ry much less vigorous. 

On the roots the mycti'linm forms an irrc^giilai* (*oatmig ovi‘r 
the surfacte. In its (^arly st ages it is smoky gr(*y in (tolour, but 
soon bt*com(»s black. It is gailuu'cd at, first into ratluM* 
loose branching strands willi ,s[)rcading hyfihao l)(‘l,weon 
them. liator the whole is <!omhined into a layer wiii(di is iiio!‘(‘ or 
less woolly on the surf jme, and temdi ng to he carbonaceous li^dow. 
It forms dense layers and poekets in tlu* outer hark, and from 
these whitish strands mor(* or less vertical to the surface, evtuy- 
where penetrate the cortex. On i^jaciiing th(‘. surface* of the 
wood these repeatedly branch and spread in all dinxitioiis ovm* 
it, so that wlicn‘bark’ and wootl ai-e separated, a eonspii^uons 
wliite pattium ol bi'anciiing lines, stars and fans is siien on the 
surface of the wood and r<‘peal<*d oii the inner surfjoce of tlm 
‘bark’. From this layer strands penetrate t lie wood in radial 
lines along the medullary I’ays, and send out hyphae wlii<;h invade 
.uid till the large vascular element, s. In this snocies the* mycteliinii 
in the wood, owing to its lack of (jolour, is not appar- ut to the, 
naked eye unless a cut surface is exposed for a day or two, when 
the hyphae grow out and turn black. In long-infested wood, tliiii 
plates, seen as black lines in .a sect, ion, mark off c^ert ain areas, 
and are believed to belong to t his fungus. Such plates, however, 
are very common in dead wood, and so fiave little diagnostic value. 

The external mycelium is mo.st fully developed and con- 
spicuous when the fungus reaches the base of the stem and 
appears above the surfac(i of the soil. It is then seen in bioad 
spreading fans, or an advancing sheet, whicli from thf* lo ginning 
or at an early stage encircles the stem (Fig. 1). Tlu^ margin 
while actively advancing is light grey in colour for .a width of 
about half an inch, behind which tlie colour shades ofi to brown 
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or black with a greenish tint. On lime bark the sheet is smooth 
and glossy rather like wet fur. 

The height to which the fungus reaches is determined by the 
moisture conditions. When the stem is well exposed it reaches 
no further than the few inches for which the moisture of the 
soil can affect it ; if the stem is enclo^^ed by weeds, or low branches, 
or sheltered by a log. it commonl}^ goes up for a foot or more. In 
a case seen (»f a breadfruit tree growing against a bank 4 feet 
iiigh, it excendefl upwards for that distance. The limit of the 
external inyceliiini is also the limit of the ultimate infestation 
of bark and wood. If a diseased tree is up-rooted, or is cut 
below the limit of infestation, and thrown aside where weeds 
grow up and shelter it, the fungus extends to the whole of the 
stem and branches thus kept moist. 

In the rootstocks of herbaceous plants, as in thick soft bark 
the firm round strands of mycelium, buff coloured without, white 
within, penetrate tlie parenchyma in all directions. 

B. Roselltnia bunodes, B. et Br. 

This fungus, as may he gathered from the preceding pages, 
is recorded as t)je cause of root disease of coffee, pepper, and 
associated plants in South India, of Hibiscus in Ceylon, of coffee 
and associated plants in Por^o Kico In the Lesser Antilles, 
South found it on Castilloa and camphor from Grenada, and on 
limes in Dominica. The present writer has seen it on Hibiscus 
rosa-ninensis in Grenada, on limes, Hild.scns, Acalypha and 
several unidentihed native shrubs in Dominica. In St. Vincent, 
a disease of arrowroot is caused by a Rosellinia the perithecia 
of which have not been obtained, but whose remaining charac?ters 
are those of this species. There is no doubt that this list could 
be very considerably enlarged. 1 have not met with R. bunbdes 
on cacao, but South (1912) records a probable instance of it.s 
occurrence on young cacao growing near diseased arrowroot,. 

R, bunodes is at the present tune responsible, where proper 

f jrecautions have not been taken, for a steady and increasing 
OSS of lime trees on recently cleared estates in Dominica. Since 
however tlie species previously discussed is about equall}’ 
abundant there on the same host, the records made previous to 
1915 reg.arding black root disease of limes cannot usually be 
referred to one species as distinct from the other. 

The species was originally described from Ce^^loii bv 
Berkeley and Broome, and the technical description as given by 
Fetch (191U a) is as follows ; — 

Perithecia densely crowded, embedded at lirst in purple brown 
mycelium, superlicial. brownish -black, globose, up to 1*6 mm. diameter, 
carbonaceous, verrucose with close-set, somewhat pyramidal warts arranged 
more or less concentrically, ostiolum sometimes papillate, sometimes not 
elevated, wall of perithf^cium thin, brittle, about 0 1 mm. thick, black 
internally. 

Spores, 8U-I10x7-12 microns, cymbiform, or sometimes lanceolate, 
ends acute and produced into a thread>like point which in the longer spores 
may reach a length of 25 microns, brownish- black, opaque. Asci not seen. 
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Asoi in all stages have been seen in the Dominica material. 
Three representative examples measured gavc^ lengths of 285 o50, 
and 357 microns for the whole ascus, while the portions occupied 
by the spores (8) were 250, 257, and 284 microns respectively. 
The linear parapliyses considerably exceed the asci in length. Thr. 
number of ripe spores developed in an ascus varies from one to 
eight, but is very commonly eight. They overlap so as to form 
a more or less double row. The spores are very variable, especially 
in the length of the thread-like apnend ages, but the measurements 
made hero fall mostly within tlie limits given by Fetch. 

The spores are exuded from the perithecium in a narrow 
thread without much cohesion, and lie in a clump on its summit. 
I have no evidence to offer as to the method or possibilities of 
their dispersal, but they would be easily carried away by heavy 
rain. 

Under the conditions prevalent in tlu^ uplands of Dominica 
and Grenada the pcrithecia are formed very readily and in great, 
abundance on the surface of exposed roots, around the base of 
the stem of infested trees, and on infested woody material lying 
about in damp situations. 

They are easily distinguished by the coarse, more or less 
pyramidal warts with wJiicli they are densely covered. It. 
should bo noted, however, that in a single instance, in Dominica, 
perithecia of this species were collected, from a lime tree, which 
were little rougher than the examples of R, Pepo ligiir<*d. 
As regards size, spores, and the very distinctive iny<?elial 
characters, there was complete identity with R. hnnodcs. 

The conidial fructifications are of exactly the same type, as 
those, of R. Pepo descndbed above, and I have not succocnled in 
finding any character ])y which they may be distinguished in 
the two species. 

THE FUNGUS ON LIME AND OTHER TREES. 

Id respect of the g<5iieral com se of its development and in 
its main characters, R. hif)wdes closely reseiiibles R. Pepo, There 
are however certain definite specific differences in the appearance 
of the mycelium which enable the two to be readily separated 
in the absence of perithecia. 

At the point of infection on a lime root, the bark, normally 
yellow, takes on a greenish tint, and a dead patch jxtending 
to the cambium is formed in it. From this, the fungus spreads 
over the bark and through the cortex, the infestation of the 
wood following later. The mycelium on the surface consists 
mostly of closely applied, tirm-textured, branching black strands 
which thicken into irregula. knots along their course On 
examples of Castilloa roots examined such knots (the sclerotia 
of some writers?) had formed over and infiltrated the la rge 
transverse lenfcicels, and on Hibiscus similar bodies in tljc form 
of dome»shaped papillae have been seen. 

At a later stage (referring to lime) the space between tiic 
strands may fill in so that a dense layer is formed, which on lU 
lower surface grows between and encloses the outer layers of the 
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bark, and on its upper surface bears in relief a closely ramified 
system of rhizomorphic strands. From the lower surface 
aoundant cylindrical strands, with a black periphery and 
a white core, penetrate the cortex iji a direction more or less 
vertical to the plane of the cambium. On reaching the wood 
they run for a short distance over its surface, and distribute 
themselves into it by vertical branches which penetrate by way 
of the medullary rays. From these the adjacent large tracheids 
»ire invaded and filled with bundles of parallel hyphae, hyaline 
at first, black later. 

The result of this distribution is that the strands are seen 
in the wood of a transv^ersely cut root as black dots and radial 
linos ; iii a median, longitudinal section as vertical and horizontal 
lines ; in the bark as black threads of irregular length and 
course. 

As ill the case of J{. Pepu the surface mycelium ascends the 
stem for .some distance above ground as an encircling sheet. 
In this species the whole sheet when quite fresh may he creamy 
white in colour ; it eventually turns black. The ‘ bark ’ beneath 
commonly remains healthy for .some time after it has become 
^vered, but it is eventually penetraUnl and killed. By the 
further developm<?nt of the mycelium a sort of crust is formed 
on which the conidial fructifications and p(‘rithecia successively 
arise. 

Tlie character.s by means of which Ji, bunodc^ may be readily 
separated from l\ Pepo at any stage may be gatliered fiom 
a comparison of Figs. 8 and fi, and by noting tliat in contrast 
witli the (jondition shown in Figs, and 10, the mycelium of 
R. Pepo does not show in the wood until very late, and then only 
in long zig-zag lines formed by cutting through a continuous 
black film or plate. There is only one caution to be observed : 
where R Pepo has formed a crust on the bark and is fruiting, 
some blackening inay extend to the mycelium under the bark 
at that point. The examination of a root will remove any 
uncertaijity. In herhac'eons plants the distinction ))etween the 
yellowish whitti strands of Pepo and the black ones of bnnodes 
is usually quite (dejir. 


THE FUNGUS ON ARROW^ROOT. 

llie disease on arrowroot is a special case, brought into 
prominence by the estate cultivation of that crop in St. Vincent, 
of the general efiects of Rosellinia app. on herbaceous plants 
with succulent rootstocks. 

In 1891 specimens of arrowroot rhizomes from St. Vincent 
aflfected by a di.sease known as ‘ burning ’ were examined by 
H. Marshall Ward at llie request of the Director of the Royal 
Gardens, Kew (Ward 1893). They were reported by liim to 
be badly alFectod by a subterranean fungus mycelium, and to have 
produced conidia in the manner of the genus Spicaria when kept 
in a damp chamber. 

"So further outside attention seems to have been given to 
this aflfection until South, after a visit in 1911, gave an account 
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of it ill a rejXH’t (unpublished) made to the Commissioner of 
Agriculture. He described the disease as oenirriiig in the tields 
in patches varying in area from a few to sevta*.‘il luindred sijiiait* 
feet, and constant in position from year to year. The symplmns 
do not make tliemselves apparent until the rhizomes ai'o nearly 
ripe for digging. At lliis time t la* aireetod plants have fewer 
leaves than the healthy ones growing in lln*ir vicinity, and these 
leaves are often rolled njj and sowe’vliat wiltt‘d. Extension of 
the patch is very slow, but tin' fungus is very persistent, and 
the disease was reported to havt' reap pv*a red in tlie Hrst ero[) on 
a fhdd replanted after remaining in hush fallow for twenty live 
years, 

Examples were soc'ii of hananas, e.assava, tauiiia, ;\ud yam 
similarly diseased. gi*<iwu in ground known to h(‘ infected. 
Indian corn, ])igeon pea, plant.iins, collet' and avocado pc.ar wt'rt' 
reported to lui liahlt' to infetdion. In a recent h'tt-t'r, W. N. 
Sands, Agricultural Superintendent in St. Viintent, adds St‘a 
Island cotton to this list, and remarks ihat. so far. as lit' can 
judge, sugar-cane and (Ininea grass an' among the few tconomic 
plants which appear to bt' imnniiu'. He staU's that tin' disease 
‘ is always present in wet interior niountainons pliKH's, hut does 
not affecjt to any exUaif. arrowroot at. fairl*/ low eh'viitious near 
the const.’ 

South (1912) did not find frnetilieal ions of the fungus, ])iil 
noted th(‘ ros(‘nd»lanc(*, of the m\eeliiim to that of a Kosellinia. 

Jn 1915 llu' prcs('nt \vril(*r visit (‘d a tn'ld in whieli the 
rhi/Ofiuvs had reciuitly he«‘n dug. and were lying in sni.all h(‘a])s 
on the ground, 'idu* material from a discas(‘d patch was con- 
sy>ieuous owing to the hi, nek diseolor.at ion of tlu' rhizomes. 
Towards the hast* cf th(‘ Inaips sullic.ient moist nrt* had het'u 
retained for the fungus to continin^ growing, and IIkum* wen* 
woolly tufts and strands of gn*t‘nish grey inyct'lium, nndonht(*dly 
tli.at of a Rost'llinia, ,an<l an .ahmidanct* of Ihti typie.al eoni<li:d 
frn(;liticjitioiis. Allowing for tlie dillt‘i*enc(‘ in slrucliirt* of tln^ 
two plants, the appt'.ar.ane^*. of tin*, inyeeliuin in the rhizome 
corresponds exactly to that of Yf. bunodrs in lime loots, that is 
to say. the invfa*lial strands arc idt'iitical, and tlieir distrihntion 
throngliont tln^ rcl;itiv(*ly soft lissin* of the , arrowroot rhizome 
is identicail with that seen in the iKU-k of the lime (Eig. b). 

On the exterior of tlie arrowrofd rhiz« ines as .seen when 
they are dug, then* is little or no loose extc'riial mycelium. When 
such does occur, the hyplnu* are of the usual ‘varic ^i^’ type. 
On the surface of both rhizome and scaile loav«?s t,hei*e is a denser 
scatter of shiny raised dots and ridge.^ (less than 1 to about d mm. 
in dianu'ter) (consist ing of <'on!pacl aggregations of dark 
hyphae in the supertiei.al tissiio. From these the slender (compact 
branching strands, black witli i white, c-ore, radiate tlirongh tlie 
parenchyma both of the scale leaves and of the rliizonn*. 

In the latter they mostly follow a radial course, and ara 
conspicuous to the naked ey(» as hlaek dets and lines in a section. 
At tltis stage the rhizomes are still full of starch. At an early 
tune on the scale leaves, and later on tlie rlii/ornes, t he black 
spots tend to run together until the wliolc surface is black tind 
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shining, and about this time the parenchyma of the rhizome 
may be found generally infested with hyaline hyphae and 
depleted of its starch. 

The fungus is certainly a Rosellinia. The identity in 
appearance of the internal mycelium with that of R. hwwdea, 
and its difference from that of R. Pepo, supported by South’s 
finding of perithecia of the former species in close proximity 
to a diseas^ patch, lead to the conclusion that the fungus is 
H. bttnodefi. This can only be more firmly established by the 
finding of perithecia on the arrowroot itself, or on plants infested 
from it under control. 


C. HOSEIil.INIA sp. 

Reference has been made to an uiidetermiiied species of 
Rosellinia occurring on cacao trees in Grenada and St. Vincent. 
The perithecia were first found by the writer in 1914 on the 
wood of an Erythrina log on a cacao estate near Soufriere, 
St. Lucia, 

During a visit to Grenada in 1915 several groups of trees 
were met with, which although growing in apparently good 
soil and in favourable situations were dying out. The appear- 
ances were such as to suggest root disease as the cause. The 
district in each case was in the drier lowlands where the disease" 
due to liosellinid Pepo seldom if ever occurs, and some of the 
characteristic features of that disease wore absent. The trees 
were slowly dying back from the top, and putting out new 
sucke s from below, which in turn failed until the tree was 
completely dead. In various stages of this process examined, 
the collar and upper roots bore no sign of disease, but on the 
lower roi^ts a mycelium was found which formed a white 
radiating pattern between bark and wood closet}^ resembling 
that of RoHelliaia Pepo, but much more scantily developed. 
These differences might have been put down to the effec^ts 
of drier conditions had not the finding on dead cacao trees in 
two of Uiese localities of the perithecia of a distinct species of 
Rosellinia, associated with a similar scanty white mycelium, 
brought the existence of a separate, though closely allied, 
disease into question. 

In one instance of a diseased group, the only one on an 
otherwise healthy estate, the trouble seemed to have had its 
origin some six years previously in the felling of two examples 
of the tree known in Grenada as tendre acnilloux (Piptadenia 
ptregrina ?) ; in the others, no such source was apparent. In 
another instance, I was informed that bananas planted as cover 
where trees had died never reached the bearing stage, and 
I saw examples of banana plants in various stages of a root 
disease which may have been due to a Rosellinia, but which 
I could not recognize as suc’h. 

Some confirmation of the view that this species of Rosellinia 
attacks cacao was obtained on an estate near Georgetown, 
St. Vincent, where it was found fruiting abundantly on dead 
cacao trees occurring in patches suggestive of the effects of 
Rosellinia disease, No other species was detected in this 
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HitnatTon, but as trees were out on other portions ot^ ilie 

estate from causes attributed to exposure nid iinpovorishmeiit 
of the soil, with consequent heavy infest at inns of thrips, llie 
evidence obtained in the limited time at uiy (lisp»>sal was not 
conclusive. The degree of parasitism ot‘ wliich this species 
is capable requires to be established by furllu'r invest igation, 
but on the Urenada evidence the (amclnsum that under certain 
circumstances it can produce a roi)l <liseas<‘ of cacao seems 
justified. 

As seen so far, the disease is nuK^h slower in its action than 
that due to ./?. Pepu, and the faihiie of tin' trees much more 
lingering. Tt is <!apuhle liowever of existing iinder eoiulit ions 
of relative drviu'ss such as appear to exclinh* the moi*e 
familiar form. 

The fruiting habits t>f the fungus are the same as thos(‘ 
of tlie species already described, an I the conidial frnetifiiNitioiis 
have the sanio form. Tho perithe.cia hnau a dense* layei* on the 
surface of the wood, looking like line shot dusted thi(jkly upon 
it. They are shown, ejilarged, in Fig. 11. and .an jiscus is 
represented in Fig. 12, K. Complete? material has Ix'cn forwarded 
to Kow for ideutiiication or d<‘Scription. 

T) fiOSKLUNl V (HOTUUINA, B. ET Bit. ?). 

Abundant fertile peritlusaa of another s[)ecies of Bo.sellinia 
were found l»y the writer on the hark of (*u1 hi*ancln's of an 
Krvthrina near Soufiaere, Mt. Lucia, in lt)l 1. Su))mitl.(Hl to Kew, 
t he* fungus was reporteel by Wakediolel te)be ‘ proh.ihly ]{. liothrimi.' 
’I'here w.as ne) evielence of .any di.sesase* .asse>ciateel with its 
oe*currene;e. 

As ejollee,‘ted, the l)re)wnish-hlack perith(*cia .are* sitiiate*el in 
dense clumps, on cleaai light-brown h.irk wit h se-arcely a trace* 
of mycelium. Th(?y .are gleihose*. L5 to 2 mm. in eli.ime*te*r, 
smooth aiiel shining tej the* n.ake*el eye, hut with some* slight tracers 
e>f verrucosity wh(‘n vie\ve*el with a leais. The*y jii*e te>pp(*d with 
a small conical papilla. Thi* s[)(»res r.ange* fr*r)m .‘lo-SO x 5-8 
microns. 

/<?. hothrina, which is a Ceylon s])e*eae*s, is eleseaaheMl hy Pele*h 
(1910) as follows : - 

Pei'ith )cifi j/rei'iiiejiH, ouibodilod at lir.st in elark pui ple-hiown 
mycelium which subsequently weatheis away ; at lirsb hlacki.sli-lxown, with 
a hlack e)stioluiii, then black ; superheial, carb«‘n.iceuu«, *’li«^htly 

eiepresseel, 1*5 to 2 4 rirn. diameter : .smooth (frannents ot tho inycelimn 
.adhere at hrsb to the p<aath'icia, hut these .soon di.sapcear) ; ostiolum 
conic d, 0*1 inm. high, sprir>gii)g from a base 0 4 rnni. diameter ; 
perithecial wall brittle, black thn ULdiouU rather thin, ahrmb 0*1 mm thick. 
Asci about 300 microns long, 8 rnicri.es diameU**’, cyliiidiicil, spores ohlicjuo- 
Iv uniseriate or almost uni.seriate ; piraphy-es tililonn, about 2 micre)n.s 
diameter, as long as the asci. Spores 40-47 x 5-7 micrem-;. guttulate, tirially 
e*p'*quo. black, cymbiform, ends pointed and ejften abruptly narroweel in 
the la&t 3 micron?. 

The account given of the rnycelium of this fungus and its 
mode of action as a parasite shows that in these respects it hears 
a very close resemblance to H. Pepo. 
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Its principal importance in Cevlon lies in its causation of 
a root disease ot* tea. Ervthrina is mentioned as subject to 
its attacks. 


E. ROSRT.UNIA (SUBICULATA. (SCHW.), SaCC. ?). 

Another Jiosellinia was ohlained in the sarjie district of 
8t. Lucia as the one last mentioned, on a cacao estate soiu-^ 
miles further inland, again on Erythrina, a cut log. The material 
collected consisted of f eritlieeia onl}’, and was reported by 
Wakeheld to be ‘apparently R. Huhlculnta^ but with the 
subiculiim not evident, as is sometimes tlie case.' 

The perithecia on the specimens in question are borne on 
bare wood, are very small (near I mm.), sessile, dome shaped, 
with a small central papilla, nearly smooth, in (*olour dull 
brownish-black. The ascus and sjiores are shown at B in Fig 12. 
The average measurement of the spores is l.‘l x 8 microns. 

No evidence was obtained of the association oF the fungus 
with any disease, and 1 liave at pre.scnt no rerorenees to previous 
ac(jouiits of tlie species ll. suhiculata. 


IIl.^iMODE ()FOCCUlUiEN(‘E OF lULSELLlNlA 
DISEASES. 

As seen in the West Indies, the diseases due to Koselliiiia, 
witli the exception of tliat on arrowroot, occur: (a) on land 
recently cleared from forest, still containing the dead and dying 
stumps of tlie fort‘sl trees and letaiuing a considerable amount 
of thc' forest humus ; (b) in cacao cultivations, the conditions in 
which, especially where shade trees are abundant, aiiproacli more 
or less closely to lliose of forest in respect of shade and humidity ; 
and (c) in wind-breaks and hedges of certain susceptible trees 
in wet districts. The prevalence of the diseases is very distinctly 
governed hy humidity. The types due to Rosellinia Pepo ami 
RoHelliaia huno^lcs, which alone have .*iny considerable economic 
im[)ortance, ar<» most- virulent in the wet uplands of Dominica, 
St. Lucia and Grenada ; the former follows the cacao (adtivatioiis 
down the more slieltered valleys to the coastal districts ; the 
latter has not been met with away from the hills. 

The Centres OF the Disease. 

a, IN NEW CLEARINGS. 

The fungi concerned have not been found in a purely natural 
habitat, i.e., in undisturbed forest, although sought for to some 
extent. From the mode of their appearance in recent clearings 
there can however be little doubt of their existence there as 
a part of the natural flora. 

It is the usual custom in these islands, when clearings are 
made, to burn as much as po.ssibl6 of the smaller material, but 
to leave the logs on the ground to rot, and to make no attempt 
to remove the stumps. Many of the latter send up suckers 



which have to be cutaway fioin time to time. Under these 
circumstances it takes very many years before the logs and 
stumps finally disappear, and during the cr)urso of their deeay 
they make the soil around them dangerously rich in crumbling 
M'oody matter and liumus. 

On land so prepared, as scon as the felling and burning are 
finished, j|ui*sery plants are set out in the spaces between the 
stumps Rid logs. To get anything like regularity of stand 
many have to be placed close up to these ohstaeles. The writer 
has not seen new plantations of e;u*ao, but has bad ample 
opportunity in Dominica for examining all stages of lime 
cultivations thus begun. 

Fungi are of course very abundant on the decaying m.xbu'ial, 
but the llosellinias arc far from being oonspicuoiis among them. 
1 have once found iii Dominica a largo decaycMi log infestt'd 
with the mycelium of I^osclluiia as shown by the infeetiou 

at the point of contact of lime branches touching it, and infection 
of a shrub growing upon it , and have found spiMues C, D, and K 
on Erythrina logs in a St. Lmaa cacao cultivation. 

Nor have the llosellinias been found so often as might have, 
been expected on forest stumps. In a fruiting condition they 
are in fact rare in this .situation. The most notabh*, case 1 liave, 
.seen was that of a ctliataigiiiei’ stump {Slodneti sp.) cov(*n‘fl with 
perithecial and conidial f rue ti heat ions of li. Pc/fo, which from its 
position appeared to be the ccuitie ol infection of a large grouj) 
of diseased limes. Tbe])res(uue of the mycelium on tli(‘ burii'd 
roots of forest stumps is more freipienily obscM’ved. Every 
infested clearing shows examples of tl\e associat ion of di.seased 
trees with stumps, and sound imes tlu‘sc are vt‘ry striking, as 
when a group of (iv<.* or six dead and dying tret‘s is se(‘n around 
a large chataignier. 1'hc actual natinv of the eonnexion is 
usually difiieult to demonstrate ; as a rnl(^ the cases when seen 
are too far advanced for sure concliisioii.s, and often they have, 
to he pa.ssed over for want of time or means for tln» uncovering 
of the roots. But from fiist to last a good many cast's have- been 
investigated in which the roots of diseased trees have been fonntl 
in contact with roots of fort'sl stumps bearing the fungus. 
In some of these the evidenc.e that tin* fungus ])as.sed from the 
stump to the lime tree is (juite definite. 1'wo examples in wlii(;h 
the evidence iiudiules the identity of the foiest tree may b(^ cited. 
South (1913) reports having followed iif) the fungus from dead 
mahoe cochoii (Stermlia ruribaca) to the roots of a living lime 
tree; the writer examim'd a large stump, still ])ear * ig a few 
living suckers, of chataiguier grand-fcuille {Slufutea the 

roots of whicli were badly infested and had recejitly ecanimi* 
ideated the fungus to the" rf»ots of a lime tree in contact with 
them. In other cases a singh* coming from the direction of 
a stump has been found to i^e inb-.sl^^d when all ollua-s were 
sound. From the nature of the case, exaniph's in an (Nirly stage 
are only found by accident or a lucky siiot, so that one is justified 
in assuming that a fair proport'on at least of infections near 
stumps take place in this way. 

The fact remains that r^onsidering the area of the clear- 
ngs, the number of infested .stumps does tiot appear to 
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be large. Relatively few trees are lost in the first three or four 
years after planting. This is in part due to tlie time taken 
(a) by the fungus to develop on and about the stumps, (b) by the 
roots of the planted trees to grow out into the infested area, and 
(c) by the fungus to kill a tree after infection. But observation 
shows that when the period of heavy losses ensues, most of the 
trees are infected from one another, so that the characteristic 
distribution of the disease is in scattered patches whose number is 
very small compared with that of the stumps and logs in the 
clearing. 

There is strong reason to believe, and the idea is supported 
by experience in other countries, that the number of forest trees 
whose stumps readily serve as centres of distribution for the 
fungus is quite limited, and that the presence of the stumps 
of these especially susceptible trees in clearings has a good 
deal to do with the appearance of the disease. It is a well- 
known fact, already referred to above, that there is such a special 
susceptibility in the case of certain cultivated and semi -cultivated 
trees. Accurate information as to the identity of the forest trees 
most concerned is difficult to obtain. By no means all the forest 
trees liave been identified, and to such as have, the patois names 
which form the connecting link with local knowledge are often 
loosely applied. In Dominica a large inimber of cases certainly 
occur in connexion with deeply buttressed stumps commonly 
referred to chataignier, a name usually identified with two or 
three species of 8loauea. One planter has suggested that the 
closely similar stumps of hois cote are in his district more 
commonly the source of the trouble. Infection from the 
roots of mahoe cochon (Sterculia nnribaea) and chataignier 
grand-feuille {Shanea Maasoni) in Dominica has been already 
mentioned. Hoiith and Brooks give mabue pimeiit {Daphnopsis 
iinifolia) and hois cabrit or goat wood (Alyiphila martiniceyisu*) 
as susceptible trees iu St. Lueia. The peritViecia of R. Pepo 
were described by Patouiilard from locust {llymenaea Courbaril) 
in Guadeloupe. 

.The disease is unknown in the older lime estates, which 
have no recent clearings. This cannot bo regarded as wholly 
due to the much lower rainfall which most of them receive, since 
even near the coast lime trees contiact the disease when planted 
as Bubstituies for diseased cacao. There is moreover at least 
one forest estate in the same district as some which are badly 
affected, where the clearings are old enough for the stumps to 
have disappeared, and where, in the limes which have replaced 
the crops first planted, root disease has given no trouble. In 
comparing this position with that of cacao cultivations, in which 
the disease due to Pepo is very liable to appear after they 
have been long established, it has to be remembered that the 
canopy is not so dense in a lime^ field, and that shade trees are 
not grown. 


6. IN CACAO CULTIVATIONS. 

In the great majority of cases the disease occurring in cacao 
has its origin in the trees grown for shade. When these are cut 
out, as of becomes necessary as they get too large, the stumps 
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are left to rot and a condition is produced comparable in 
essentials with that in the clearings just discussed. The danger 
is well known to planters, especially with regard to breadfruit 
and avocado pear trees. A Grenada planter of long experience 
claimed that on several occasions when root disease had appeared 
in his cacao he had been able to trace it to the decay of bread- 
fruit roots cut through in digging drains. 1 have seen the 
fungus on stumps of cacao trees wliich were hcaltliy when cut 
down in thinning operations. 

Apart from this, trees of the kinds named are rather liable 
to die of their own accord. How often this is duo to their 
(joiitracting Kosellinia disease, and how often they become 
infested with that fungus only after the death of some or 
all the roots from other causes, I caii form no opinion. When, 
as often happens, the stumps are those of healtJiy trees, cut 
down for other reasons, obviously the latter is the case. The 
observed facts as they regularly present themselves are these : 
that one or more of the cacao trees immediately adja(;ent to 
a sickly or a dead shade tree, or shade tree s.tump, begin to show 
symptoms of root disease, and removal of tlK*! soil reveals tin*, 
fungus advancing along one or more of the cacao roots from tin* 
neighbourhood of roots of the shade tree, whic^h are found to he 
infested, and usually in an advanced stage of infestation. Some- 
times actual contact has l)eeii proved, sometimes not. In view 
of the difticiilties of digging among roots the negative cvideiu'e has 
not much weight. Tlie trees most oft(3n concerned in connexion 
with the disease on cacao avocjado pear, brcadfisiil, and 
pois doux (Inga spp.). Immortel (Erijthrma sp.) and mango 
are sometimes but not often involved. 

The fact sliould he mentioned here, though its 'discussion 
belongs rather to the next section, that the disease jaii occur on 
cacao trees in the absence of stumps or any obvious dead wood. 
Cases of this nature are avS a rule uncommon, but in one badly 
infested area examined a fair number wei^^ seen. 

Methods of Infection. 

Several of the authors cited in the first part of this paper 
refer to the spread of the fungus through the upper layers of 
the soil and in accumulations of decaying vegetable matter on 
its surface, resulting in the infection of tr(*es at those levels. 
The usual mode of occurrence of the disease in West Indian 
cacao plantations does not bring out this feature at : II clearly. 
With the exceptions alluded to above, the disease is gencraliy 
clearly traceable to dead roots, whicth arc often deep under- 
ground, and its course is along one or more of the cacao roots 
in the direction of the stem. All stages of the proccvss have 
been seen, and fjiiite coinmoiuy in the less advanced c.ises the 
crown is found still iinattacked. 

While a considerable proportion of the cases occurring on 
lime trees in the forest clearings correspond in eliaracter with 
the type just described, a close survey of two grouj)s of IDO tree^, 
which with the assistance of Mr. G. A. Joii( 3 « I have carried 
out in Dominica, has clearly demonstrated the occurrence in 
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many oases of infection from the soil in the neighbourliood of 
the collar. 

The following examples are taken from notes made on the 

spot 


October 1914. 

A 7. Foliage healthy, collar 
sound, one small diseased root 
{IL b anodes) attached to collar. 
(Hoot cut awa 3 ^) 


May 31, 1915. 

Two more short roots at- 
tached to collar diseased. Collar 
bare and clean and remains 
healthy . Eighteen inches from 
stein a small rootpassiiigthrongh 
one of the main buttress roots 
is diseased up to the point of 
(aiclosurc, (Hoots cut away.) 


C 2. Foliage healthy, a large 
tree ; one of the four large 
hiitt.ress roots diseased (close u» 
the collar) also the hark of IIk* 
collar in the recesses adjacent. 
A vertical root visible in the 
next recess is also diseased. (1'he 
eaith was removed from around 
the crown, which was left 
exposed.) 


C 3. Foliage healthy ; collar 
sound ; one small diseased root 
attached to collar is dead to 
its base. (Root removed.) 

C 4. Foliage healthy : small 
diseased patch on collar with ' 
no connexion with .any remain- 
ing, root but tiuuld have arisen i 
like C 3. (Out out.) j 

C 5. Lo(*al infection of 
bark on a buttress root at a 
point where it is crushed by a 
smali^o6t crossing over. (Cut 
01 ^) 


Top still perfectly healthy. 
The l;Wo diseased roots ancl the 
hark of the adjacent patclies on 
tile collar fire now (juite rotten 
and covered with conidial fructi- 
fications, with a few perithecia 
ill. Pepo). The <lise.ased area does 
not appear to be an\ mor(^ ex- 
tensive than on the last visit, and 
the other roots liave thickened 
np and refdaeed those diseased. 
Tile margin of lh(‘ diseased ])ateh 
is now followed all round }>v 
.a line of health}^ c*allns. The 
bark of the roots attached to the 
disea.sed .areas is fully diseased 
.above, but from to /uc/um 
below soil level it is herdtlu/ down- 
wards. The trees ou all sides 
are vigorous. 


Free from any tr.ace of 
disease. 


Free from an^’ trace of 
disease. 


Free from any trace of 
disease. 



These eases (ienioiish*ated the oeeaiTeiiee of CM)llar infeetion, 
ill tNvo cases hy way <>f small late ronis n<'ai* tlie surface ot tin* 
soil, in one possibly hy rlireci infet'tion rif ( lu' hark of the collar. 
Tlie trees wei*e rc -t'\ainineil in Aui^nsl IHK), when tln'v* showed 
no further si^n of disease. 

It would h<' much moii* lah:irious to sysl cmat icallv cxaniiue 
llio outlying roots running- in the surfact‘ soil, hut 1 licre is little 
room for douht tliat similar infectious W(aild he found to o<‘eur 
upon tlnun. 

The cases sometimes met with of < a(‘ao trees hecomiiii::; 
diseas<‘d in tin* ahsen(‘e of stumps can he :n*eomited ft>r )i\ 
infection of the surface ty]H‘ just dt'serihorj. I’roof of this was 
obtained in tin* ar(*a referre<l to in the priscdino^ s(‘eliou, wlieif* 
several eases of tliis nature wert‘ seen. A livin;^ i-oot. was found 
wliieli had bet ii injured wlieiv it came to tin*, sui faee, and fit)in 
two ])oints on tlie margin of tin* iujurii'S whitt‘ fans ree()oni/.iil>li* 
as themyeelinm of /i\ y*r/>o wi‘r<» found radiating under the hark, 
ddiis (‘xaiiiple is illnslrattMl in 5. d'lii' easivs notisl liave Ix'cu 

in the wettest distric'ts, when' prodmdion of organic mailer is at 
a maxininm, and wlu'iv' cloudy days, tile depth of shade pro- 
due(*d hy luxni-iant growth, and 1 Ik* sat urat ion of tin* soil with 
water, all reduce thi^ rati* of it s <l<*struei,i()u. W^hen* rainfall and 
slnnh*, are not (‘xeessivi*, the addition of organic inattei'to the soil 
does not k<*ep fiais* with its <h'cay, and the e’(Mi(*i'al imui 
of soil on i1k* oi'dinary eaeao estate is not- part ieiilarly rich in 
humns, nor is ther«‘ nmeh. if anytliin^’, in the way of leaf nmnld 
on its surface. 

Tlu* s])r(‘ad of tlie disease ah )n;jj closely [>lanl ed 1km|il((*s a ikI 
wind-hreaks, of whieli some strikin<; iustanei's liave oeenri*ed in 
St.Jiiieia, is eliaraet eri/(*d and prohahly mainly •‘lleet(*d hy 
infestation of t he snrfaei* soil. Tin* N*aves and t wii^s w hich 
aeenninlal!} aloiii^ the hase of tin* w'jjid-hreak, and (hMM\ inj.;-, 
enri(!]i the soil with hi'ihus, and the shelt«*r allorded hy t-lu* trei s 
and hy t he vi^^^et at ion whi<*h prow's up under their pi'ot f*ct ion 
pi'ovidi* eoiwlit ions esp*eially sultahleh)r t-lu* fun^ii It creeps 
alone 1 he line ]ik(‘ a smonlderin;^ lire, killine (>|V tin* tre.'s ami 
1 heir s(3(*dlin;^s, and ilos< of the hrnhhy and heihaeeous vf'eeta 
tion, as it conies to radn. In a. eap so produced, frotn w hieji the 
stnin])s had lieiai reinoxed, a line <,f livine h'liei* ])osts 
snhsef|ifeiitly put in consist ine most ly of w'hil e <-e(lar { Ti runm 
fcucoA't/lo'ti) wen* thiee inoniiis lat(*r infested to soil le\i‘l. Ubud 
breaks of jiois-dunx and e.diiu {CalnpJiijlltoif Cuhthd) ai«* 
V(*ry sns(!eptihle to the disease, 

Tlie evidence thus sliows eleai’ly that' the .,|)i'ead of the 
fungus may lake plae<* in t w'o ways ; {\\) niulei'eronnd alone the 
root.s ( f diseased Ireer, or infe.sted stumps, in whicli ease* one or 
mon* outlying roots of t’ne new <'oiitaets are nsnally Ih-st infected 
and the funens travels ii. eie them l,o the (;ollar, inf(‘'*line other 
T*oot,s as it (a* >ssos tliein : (h) hy liie ei'c^vtli of the f[i!*ens tlironeh 
rich and damp (wliieh usually nnans sliad^fl ) nirfaee mouM and 
vegetable debris, in w liieh ease* tie* fiinens lirsi attai-ks su face 
roots or directly inrecis tlie rjollar. 

How the infection originates is not known. Trarlition, the 
whole course of plaiitine expericiKM*. ami many dehnite ohserv/i- 
tions by agricultural oflicers, combine iu associatine the Jirst 
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outbreaks which occur with the presence of stumps in new 
clearings, and of dead or sickly shade trees in older plantations. 
The theory as to the general course of infection which seems to 
the writer to best fit the facts at present known is this : (1) that 
the fungus is able, by means of its spores (of which the 
conidia are by far the more abundant and the more likely 
to be distributed by the wind) to infect any accumulation of 
decaying vegetable matter in damp soil ; (2) that the 
required conditions are most often presented in the immediate 
neigh l)ourhood of mouldering logs and stumps ; [(3) that a surface 
infestation thus begun may or may not communicate the disease 
directly id the cultivated trees : in the earlier stages of a planta- 
tion the chances are considerable that it will not, owing to 
(a) disturbance of the humus-bearing surface soil in planting the 
trees, and (b) the lack of shade conducing to rapid destruction of 
i/rganic matter in the soil around; (4) that infestations round 
about the stumps of certain trees, on the other hand, are 
communicated to the roots at and about soil level, the fungus 
finding in the buried roots a food supply situated in permanently 
congenial conditions, so that it is able to follow them out to their 
extremities however far and deeply they may run, thus 
establishing a long-enduring and wide-spreading source of 
infection for the roots of cultivated trees which extend into 
contact with tliern. 

As the trees grow large and produce a deeper shade, so 
protecting and keeping moist the organic matter which 
accumulates beneath them, the conditions for surface infection 
are greatly improved, and by this time, owing to the production 
of spores on the remains of the trees previously killed, the 
chances of au}^ suitable patch of soil becoming infected are much 
greater. At this stage, therefore, the proportion of cases 
originating by direct infection from the soil will iiave risen, and 
Bucfi cases may in time far outnumber those associated with 
stumps. 

Another type of situation continuously capable for a long 
number of yeai*8 of becoming infested is presented by the soil on 
the shade(l underside of logs, tlie disintegration of which, 
especially that due to the tunnellings of insects, maintains a plen- 
tiful supply of organic matter. 

Once the disease has got a footing however, the greatest 
amount of loss is caused by the spread of the fungus along the 
roots (as it commonly appears) or over the surface (where con* 
ditions of shade permit) from one cultivated tree to others about it 
in an ever widening circle. In one case the loss of about 150 
trees appeared to be clearly ti'aceable to two original centres of 
infection. 

Wherever a tree has died, unless strict measures have been 
taken to control the fungus, the adjacent trees almost inevitably 
contract the disease sooner or later. Such cases may arise ye^irs 
after the original tree has been removed and the cause of its 
death forgotten, so that they have the appearance of being 
sporadic. Examination of the position and age of supplies, and 
tne keeping of records of surveyed areas enable tnem to be 
linked up with considerable certainty to previous losses. How 
far 8uoh belated oases are evidence of the slow progress of the 



fungus along the roots, or how t*ar they are due to delayed 
infection has not been ascertained, )>ut the general evidenct' 
points to the (‘onoliision that the process of invtvslmcnt (»f inatuie 
trees is a distinctly slow one. In a ease' delinitelv recorded, 
a fully infested dead lime tree was removed in Oetober Ihl I, and 
the fungus (A\ binindes) was ]nst coming up round the collar 
of the next tree in the row, a very large and vigorous s[)t‘cimeu. 
in August liUb. The variety of cireumstaiiees must produce 
wide differences, hut T shouhl jiidg* that the two years taktm 
in this case is not an unusual period, and is in * some cases 
considerably exceeded. 

Typically an infested clearing in which the disease is of 
several years’ standing shows a few largt* open patches, each 
representing perhaps a score of trees, with usually two oi* thret^ 
around its margin dead or dying, and several more on wliich the 
fungus may he found. Hornetimes two or tliroe su(.*]i patches 
have coalesced. S(;atiercd about are fresh centies in varirais 
.stages : a single tree, a gap of tAvo or three frees in a row, with 
another going, or a group of two or three in ililJercnt stages 
about a large stump. ( )f the .supplies put in, some are .sex ei’al 
years old and still thriving, otliersaro d(*ad within a few months 
of being planted. 

Ain'EAUAN'CK oE Diskasei) Treks. 

As the disease is .seen on lime and cacao trees there are two 
types of failure of the to|). In the one, where tlie roofs hocmne 
more or le.ss generally infested before tln^ fungus g(*l.s fully hold 
of the (‘ollar, as commonly happens where its approacli along the 
roots is (;he<:ked by drier (joiuiitions around the (‘rowu, defoliation 
is gradual and is pre<jeded by yellowing of the leaves and 
a ger.'Tal sic*kly appearance of the tree. In (;aeat) espe(?ially, this 
is the common form of failure and resembles a severe typt^ (»f 
die-liack, such as is brought jiliout by poverty of soil or exposure. 
Thei developimait of vigorous suckers excludes Jl. Pepu as t he 
catise of sucli a (jonditiou, hut their uoiialevelopiiieut on failing 
trees docs not- ne(;e.s.sarily indicates its pmsciu^e. 

The secMjnd type of failure, (fominou on lime tn^es in tlic 
districts indh*ated, and occurring sometimes on cac io, is [>i*oouce(i 
when the stem is girdled by tlie fungus wliile most of tlie |•o^it 
.system remains yet uiiinfe.sted. In lime trees tlie earliest out- 
ward sign of tJie disease in such cases, so far as I have seen, is 
♦ho production f)f an ahnorinally large crop of fruit. Pri‘sumal)ly 
the production of lloweis would be e(|ually strik’ug, hiiL this 
I cannot say from observation. Before tliis crop of fruit has had 
time to ripen the foliage drops, often with such siiddennes.s that 
the ground is carpeted wilJi leaves still green. The appe.arance 
which the tree then presents is a familiar one in the affe(;ted 
districts : its branches nearly bare' of leaves and hung with 
shriv^elling and prematurely yellow limes. In an ohserv^ed instance 
a tree of perfectly healthy appearance, w’ith abundant dark 
foliage, was found on October 20 to have its bark all round and 
for some distance up the stem Infested through and through with 
Rosellinia ; it remained green until November ! 7, and then the 
change from healthy foliage to naked twigs was completed in 
from twenty-four to thirty-six hours. 
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When relieved from loss of water by the fall of the leaves 
a tree may put out a few small shoots and linger for some time 
before it eoinpletely dies. It often happens that as the bark 
near the soil level is killed, tufts of adventitious roots are pushed 
out from a callus formed at the edge of the sound bark above. 
Quite a dense mat of small roots is formed, some of which may 
get a good hold of the soil and thicken up. This sometimes 
enables the tree to struggle on a little longer, and even raises 
hopes of its recovery. Such an event is very improbable, as 
the new roots soon become infected after they reach damp soil. 

Incidence of the Disease. 

The disease as seen on the Dominica lime estates is by no 
means regular in its incidence. It is a matter of general and 
rueful experience that it develops its attacks most widely in the 
best clearings, and that the hnest trees, which is to sa}- those 
growing in tlie deepest and richest soil, are the most liable to be 
infected. In clearings on thin soil and on the considerable area of 
upland Hats where the soil is underlain by a stony ‘ pan ’ which 
prevents anything like adequate drainage, diseased trees are 
rare, and do not as a rule lead to further extensions unless they 
liappen to be situated in a deeper pocket in the one case, or on a 
drier slope in tlie other. 

Tliese experiences are exactly paralleled in Porto Rico, 
where ‘ tlie disease often does most harm amongst the best trees, 
tlie sun-exposed slopes of poor coffee plantations remaining 
(piite free from trouble.' ‘ The only things which retard or stop 
its progress seem to be excessively dry or excessively wet 
soils, natural barriers, such as brooks, and the scarcity of food 
matc^rial (decaying vegetation) in the soil.' (Fawcett 1915.) 

This is not to say tliat slow-growing stunted trees are at 
all resistent to the fungus. Where the roots of such trees 
happen to come in contact with infested niaterinl they arc 
killed as readily as any others. 

Tlie explanation of this feature of the disease is to be 
found in the favourable conditions of shade, moisture, and 
abundance of organic matter, produced by the lieavy (ianopy of 
well grown trees. It is in such situations that soil infections, 
without the intervention of stumps, are very liable to occur. 
The comparative rarity of cases iu the clearings on thin soils 
is in keeping with the theory put forward that the original 
sources of infection in any clearing are few in number. In poor 
clearings the cases mostly remain restricted to these. Something 
may be due liowever to the difference in the constitution of the 
original forest. 

In cacao plantations the conditions are usually more uniform, 
and differences in the distribution of the disease are not well 
marked. There is however a noticeable tendency for outbreaks 
to occur along the course of ravines and on small enclosed 
alias ial flats. Among cacao, in the situations so far studied, 
infection apart from contact with stumps or di<?eased trees seems, 
as alx'eady remarked, to be relatively rare. 
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The Disease on Aruowroot. 

The eircMinistancos conneoled witli the ^rowin^ of aiTi^u , 
the plants of which arc annually chi^ out aiul in great part 
removed, produce in the features ol* its Uostdlinia disease, as 
compared with those described in eonn'*xioii with limes and 
cacao, differences which refpiire separate consideration. 

The special characteristics arc. (a) that the disease occurs 
in patches which are i-eported to show lidh* or no ohservahh^ 
increase from 3’ear t-o year : (b) that in suci* ])atelu\s t la* diseas(* 
persists for a long and apparently indidiniie pia'iod ol' yt'ars. 

The explanation of these features is prohahly to l)i» Toiind 
ill the methods pursued in arrowroot cultivation. Tlu' lields 
are usually kept in this crop for many yiMirs in sufi*ession, and 
although the crop is an annual one, the ground is never clear 
of plants. In the first place it is impracticahh^ to remove, tin* 
smaller fragments and offshoots of the rhi/onii*s IVoiu the 
ground, as show^ii bv tlie large number c T plants whieli spring 
up after a change has been made to some oilier cro]) ; and 
secondly, it is the custom when digging ilit^ rlii/.oincs to br(*ak 
off pieces and return them to tin* soil, to s(‘rve as [>lants Tor t-hi* 
succeeding c*rop. Tin* persistence ol' the disease, nn(h*r suitable 
circumstances of soil moisture, may with great pi'ohahility h(> 
thus accounted for, and it is helped hy the custom of leaving 
the diseased rhizomes to decay on the spot. The fungus attacks 
the plants of almost any crop which su(*ceeds arrowroot or. t lu* 
diseased patches, but 1 have no information of its persist enei* 
on such a crop after the arrowroot his hecii com{)let(‘ly 
eliminated. 

I's origin, as regards the primary patches, pro) >.‘ibly goes 
back to the casf*s af>[>(*aring, as in lime (sultivations, when the 
land w.'is .beared of trees. One can r(*:i,dily coiuroive of secondary 
pat.ciu s occurring, due t-o careless disposal of liiseased material, 
or to the germination of spon‘s on any .‘iceannuhition of decaying 
tops or weeds sulficicmt, to give tin* fungus a start. 

Acoui*atc and systcnialic ob.sei*vat ions, involving nie.is’ire- 
inent of I lie extension of the [)atches, are wanting, hut. it does 
not appear, fro ji the evidence avaihihle. that th * fungus makes 
much progress from plant to plant in tlie soil, and t li(*re are 
no spreading roots to (conduct it as in the ease of Inie crops. 


IV. COlINTKR MEASUlUCy. 

Prevention. 

IN NEW LIME CLEARIN(;S. It Would ho a counsel of pi.f fection 
to recommend the removal of stuinps oi* ce en of logs from new 
clearings in their eailiest .st.ages. In West Indian plantations 
such a policy is not economically possible. But in arranging and 
planting new clearings for orchard crops, the pro:*al,ility that icmjI. 
disease will occur should be kept in mind, and certain precautions 
can be taken which will considerably reduee the trouble to be 
faced when disease appeara 
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First among these is provision for the construction* immediate 
er when occasion and funds permit, of a complete and close 
system of trench drains. To this end the arrangement of the 
trees should be planned so that each block shall be isolated from 
the rest by main drains and, where possible, each row separated 
from the next by a trench. Tliere will be many patches 
encumbered with logs and stumps over which for some years 
the system will extend only in the plan, but it is necessary to 
take long views, and too many cases have been seen where, 
when the need for a trench has urgently arisen, the line has 
been brought up against trees irregularly planted and now too 
valuable to be destroyed. Drains are being considered here, of 
course, not in view of their primary function of removing water, 
but as isolation trenches preventing the spread of root disease 
from tree to tree. At the same time, thorough drainage may 
be considered to have direct value from the point of view of 
Rosellinia disease, for although, as has been pointed out, the 
fungus does not thrive in water-logged soil, neither do the trees, 
and when that condition has been passed, the drier the soil can 
become the quicker is the decay of organic matter and the less 
favourable the conditions afforded to the fungus. 

It has been not nucoininon in both lime and cacao fields 
when a large stuin[' has appeared to be a centre of disease, for 
a trench to be dug around It cutting off the widely extending 
roots. When the fungus has already got into the Voot system 
this measure usiiall}’’ comes too late, but if it is applied to large 
stumps at the outset, especially to those of susceptible species, 
it may be expected to have some success. Possibly a variation 
recently suggested by A. Sharpies (1915), namel}^ the following 
out of each main root separately and removal of a section 
where il» gets down to about 2 feet from the surface. iT»ay 
have the advantage over a trench that the cut ends are not 
left open to infection. On the other hand, without trenching 
all round it oannot he assured that all the roots are cut, and the 
smallest is capable of conducting the fungus outward or inward, 
as the case may he. The best plan >>'ould probably he to dig 
a trench some 2 feet wide well away from the stump, remove 
all sections of rcots, and fill it in again. 

In planting the trees, positions in close proximity to stumps 
should as far as possible be avoided, and a good deal may be 
done in the way of rearranging the smaller logs so that they 
do not form top close a shelter about the stem of the prospective 
tree. Beyond these measures little, for the time being, can l>e 
done. If the theory that the sour orange stock is more resistant 
than the lime is shown by the experiments now in progress to he 
well founded, then it will be advisable to plant such situations 
as experience has shown to particularly favour root disease with 
limes buddsd nn that stock. 

When the hrst few years have passed and the logs are more 
or less rottfd» it has been shown to be quite feasible to hasten 
very mate|rii^lly the time of their disappearance by cutting or 
breaking them up so that they can he easily handled. Merely 
to dispose of them better by dragging them away from the stems 
of the trees ii a considerable gain, and in some oases it has been 



found possible to stack much of the material, and even to make 
good us(* of it for fuel. The great conveiULMioo, quite apart from 
root disease, of having the ground clear should be an addit ional 
inducement to the planter to make t'very possible etfort to 
this end. 

A point to be always kept in mind is tiiat wood which 
can dry out from time to time, eg. logs, stumps, or parts of 
them wliich are raised above the soil and not shut in hy weeds 
or overhanging branches, is in little danger of luii’hoirriiig the 
fungus, 

Tlie same consideration applies to the soil. In damp and 
sheltered clearings such as are favoured by the fungus, all that 
is possible should be done to encourage the free circulation of air 
beneath the treej^;. Low hanging branches whicli maintain 
a closely sheltered circle around the base of the tree induce 
conditions winch invite surface infection, and should most 
certainly be cut awa 3 \ Grass and weeds should he kept sliort 
all the time, not merely in the crop season. 

It is highly desirable in infested clearings, and especially in 
the neigh])ourh()od of infect <i .spots, to go further and (dear away 
the soil and weeds about tlie ha.se of the stems, (completely haring 
the collars, and liberally exposing tJio main roots so far as this may 
be done without forming a 8au(?er in whi(5h water will stami. 
Tlie treatment of the collar and the rece.sses hetwtjeii lh(‘ I'oots 
with liin(‘-suiphur solution to keej> the hark five from jn()s.s gives 
an added protection of considerable valm*. 

All these measures arc summarized in the word v<mtilatiori, 
and oann(»t be trjo strongly emphasized. The fungus eaniiol 
tolerate diw conditions and it is bn* the planter to take every 
advantage he can of this weakne.Hs. 

IX CACAO PLANTATIONS. There are probably few managers 
of cacao plantations vvlio would nowadays plant l)readfruil or 
avocado pear trees through tlieir lields. The idea of the more 
economically minded of the old planters seems to have ht^en that 
since shade trees were to be grown, they might as well lx* such as 
would give something in the way of food in riiturn for the room 
they occupied. The modern idea of the manurial fum^tion of shade 
trees leads to a preference for leguminous trees, and justifies the 
more orthodox tradition which led to the planting of immortelh^s. 
Where pear and breadfruit trees are already (*stai)li.shed, the 
planter who has learnt respect for the root disease h is two courses 
open to him. The one is to take the utmost care of sucli trees, to 
prune out dead branches, to avoid in juries to tlie root.s,and geji(‘i ally 
to try to preserve them in health as long as possible ; the other 
is to take them out as ot^casion otFers, removing the stumps, and 
following out and removing every root that can be got at. This 
is usually difficult because of the adjoining ca(*ao ires-. ; where 
the trees to be dealt with are large, it becomes formid/ible. 
The easy course is to cut down or ring the trees, and leave 
roots to rot, but that way trouble lies. It does not always 
happen, but striking, one might say startling, cases have Ixien 
seen where the cutting dovyn of a pear or breadfruit in tlie cacaci, 
or a pois-doux by the roadside has led to the appeiiraiico of the 
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disease in places from which it was thought to be far removed. 
These three trees are the chief victims, but Iberc is none tiiat 
can be considered to -be really safe. It should bp the settled 
policy of cacao planters in wet districts to leave no woody 
material to rot in the soil if it can possibly be avoided. Where 
there is deep shade and high humidity, any vegetable matter 
used as mulch may be a source of danger, though one that may 
have to be risked in view of manurial requirements. The more 
careful and prompt the attention that is given to a 113 ^ appearance 
of the disease on the plantation the less will the risks of this 
nature be. 

Witli regard to wind-l)reaks ; where experience has shown 
that there is danger of disease ari.sing, it is advisable to keep 
them as free as possible from imdergr4>wth, and to rape away 
any accumulations of ieave.s or other ri'aterial I'nan hollow.s or 
other sheltered places. This might be used as iniilcli in dry 
places, or preferably, if there is a pen jioar, foj* tlio making 4 >i' 
pen manure. 

Treatment. 

In a recent pamphlet (1915) the writer has stated tliat 
attempts to cure infected trees may be put aside as in most cas(‘s 
hopeless and in the remainder doubtfnband as involving so imich 
skilful surgery as to make them impractit^able on any but tlie 
smallest scale. Addressed to the planter as lie has usually ])een 
found, concerned with iJiatters of primary urgency and Avjtli 
very inadequate assistance, the words nia\^ still stand. As 
regards trees witli deop-.seated or well-t‘stabli.shed infections 
there is indeed no more to l)e said. But actual exporien(‘e, as 
illustrated in the cases previously detailed, has shown th.at in 
fields in which tlie diseast* is established and surface inf«*clion 
is taking place, an examination of the trees, involving no more 
than an initial clearing and periodic inspection of the crown and 
collar, will directlv save many lightly" infected t.reo.s. and indireet- 
]y, by preventing the formation of new centr(*s of distribut ion, 
save very many more. All that i.s needed i.s to liave tlie lower 
branches pruned sullicient I 3 " lor access to tlio trunk, a coupl<‘ of 
laliourers to go on ahead and clear away we(Hls and earth for 
a foot or so around the junction of roots and stem, preferably 
using their hands or a blunt in.struincnt to avoid wounding the 
bark, and then to make a few miiuitc.s' investigation of (*ac-lj tn^e 
so prepared. In addition to saving trees, such a svstem enables 
the hopeless cases to he detected long befoi'e they otherwise would 
be, and makes it possible to deal promptly with them. One is 
justified here in being insistent and saying that in every clearing 
in which the disease has become established, such an inspection 
ought to be made at least twice a year. It is after all a mild 
proposal. 

The principles of the actual treatment required are two in 
number, and very simple : (a) complete excision of diseased tissues ; 
(b) exposure as complete as possible of the affected part and it.s 
surroundings to freely circulating air, witli the obj< ct of making 
the conditions too dry for the fungus to exist. In operating it 
muBt be remembered that after the early stages the fungus 
penetrates wood as well as bark, It is the drastic surgery 
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made necessary by this fact, and the propensity of the fungus 
for lateral spivad ni the outer zone of roots, that inako the 
saving of oa^es at all advanced so hopeless, ('onimonly in such 
a case a great pail of the root system has to he cut aWay, and 
the roots severed in the operation and left behind give every 
opportunit}’ for the disease to roassei t itst'lf. 

The casts which repay treatnuMit an' those arising from 
surface in feet ion, in whicli on inspec^tion iIk' local nature of tht‘ 
infestation app<'ars to l)eclea»ly delii.ed. SevcM'ed i*oots should 
as far a< possible 1 h' removed ; eiiL surfaces should be eleanly 
trinnm*(l and dressed with paint; e.xeavai ions made to gt't at the 
seat of injury should he left open. U shouM 1 h‘ hardly ncet'ssary 
to say tlnit the material removed must h(' can'fully dispose<l of. 
These directions may give rise to an ( xaggcraled idt*a of the 
elahoratciicss (»f tht‘ Ircatnuuit retpiinMl. They arc full}' applica- 
ble to cases such as that of C'2 d(*s(a*ihed, wliich was (dosc' to the 
margin of possible recovery, but in many caiscs a lew cuts with 
a sharp knife will save a trc<' from an infection whiidi would hav(* 
meant its certain death. 

Where tl ic disease has been dt^ietded advrncing ahmg oiu* or 
more larger roots but has not reached the c'ollar, and it. is desin'd 
to giv(' t)i(' tree a chanci^ of recovery, tlaui after t he diseased 
roots have been <ait away, as much soil as [lossihlc should he 
dug out about the junction of the main roots and as far hack 
as they can lu' coiivcnimitly followed, leaving lh“ tree more 
or less on stilts as it w('rc. Idiis previuits the crossing ov(‘r 
of the fungus at or near tla^ collar, and may viuy coiisicierahly 
delay the loss of tin* Ins', hut if the fungus, as is prohahku exists 
on the outer roots, it will in tiim* get round in that region and 
come up each of the main roots in turn as far as the point to 
wliicli d has been hared. It is not a nieasun* t<> he re(;omnii*nde(l. 
It IS betti*r to h.ivi^ lh(i tree out and he ri«i of the fungus, l)iit the 
teni|.»tation to get an additional crop or two from some specially 
line tree is sometimes hardly to he resisted. 

The directions lim’e given as to t reat inent apply e(|uaily to 
limes and to <'a,eau, hut as has Imhui previously indi(%itc*d, with 
the latter ci*op, so far as the writer s experieneii goes, tlu^ cases ai*f* 
more usually of the deep-seated kind, which does nut permit of 
successful treatment. 

CONTROJ.. 

REMOVAL OF DISEASED TREES. Wiicii an infested tr(‘e is 
found it is well that its destruction shouM Ix' [)rompL, hut it is au 
adv^antage to clim^se a dry day for the operation. If tln^ disi^ase 
is so fa*, advanced that the fungus is jirodiuaiig conidia, either on 
the stem or on dead leaves and twigs lying about, tlier hetore it 
is disturbed tin' spore- bea; uig surfaces sliould be llam<»d with 
a torch or by binning tra.sh of sonm description a/ouml tliciii 
(Petch liJlU bj. This dispos<»s for the time Ixang of tin; means of 
aerial dispersal of the fungus, and removes wliat is otherwise 
a real danger of the carriage of infection on the persons and 
implements of the labourers. 

The diseased tree should be cut down, the stump dug out, 

and the roots followed up and removed as completely as possible. 
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One planter gees out the fragments with a builders* sieve^ and 
has had unusual success with his supply plants. It is convenient 
for the labourers to have baskets nandy into which the small 
roots can be thrown as they are dug out, otherwise they are in 
danger of being scattered. 

The diseased material should be destroyed by fire, preferably 
on tlie spot. It has been formerly stated that the whole tree 
should be cut up and burned, but t have recently satisfied myself 
that the necessity for this, which has often been a real difficulty 
to planters trying to follow instructions, may be avoided. It is 
easy to see how far the fungus has reached, and if the stem be 
cut above this- point, and the top be disposed of in such a way 
that it can dry out, it will not develop Rosellinia. This has been 
verified on trees thrown into the edge of the forest, provided 
they did not rest upon the ground, and on others perched on 
large stumps and on rocks. It is better to dispose of even the 
stump in some such way than simply to leave it lying about 
as is too frequently done, but all material actually infested 
certainly ought to be burned. No material, root or stem, infested 
or uninfested, should be left lying on the ground. In one 
instance the stem of a cacao tree, some 5 feet long, which had 
been charred and thrown aside in the grass was found sheeted 
from end to end with conidial fructifications, and stems and 
branches of dead lime ti’ees have been frequently seen, wliere they 
have rested for some distance on or close to the ground, in 
a similar condition. Had they been wedged among the branches 
of a tree they would have been quite harmless. 

Under some conditions it may be necessary to choose a con- 
venient situation and carry to it the material to be burned, but 
such transportation has obvious dangers in the way of scattering 
bits of diseased material. It should certainly he preceded by the 
scorching of any spore- bearing surfaces. A kerosene blow* lamp 
is a useful appliance in connexion with this scorching, and in 
starting fires. 

TREATMRNT OF THE SOIL. Attempts have naturally been 
made to arrest the progress of the disease in the soil, or to 
sterilize situations from which diseased trees have been removed, 
by the application of disinfectants to the soil. In cacao plan- 
tations in these islands lime has been frequently used, and, in 
Grenada especially, iron sulphate. One planter at least has 
used sulphur. So many factors are involved, and the circum- 
stances are so variable that one cannot say what the actual efiFect 
of these applications has been. 

Fawcett (1915) has experimented with lime, sulphur, ohloro- 
naphtholeum, copper sulphate, potassium permanganate, and 
potassium bisulphite. Plots which received in the one case lime 
and in the other sulphur at the rate of 590 grams per square 
metre showed no losses in three years, as compared with 6 
per cent, of loss in a check plot, and 3 per cent, in a plot 
receiving about one-fourth the amount of sulohur, and another 
to which chloronaphtholeum was applied at tne rate of about 
50 c.c. per square metre. It was found that the last named 
substance was iaeflfective unless used in amounts involving 
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a prohibitive expense. Spraying the surface of the soil with 
copper sulphate solution equivalent 25 grams of the salt per 
square metre was sufficient to check ami apparo’itly exterminate 
the fungus in the soil of a small diseased plot. 

Bernard (1909) quotes from Raciborski a motliod which ho 
regards as having been successful against root fliseaso of tea. It 
consists in working up the soil with quicklime and then watering 
it with a 10 to 15 percent, solution of sulphate of ammonia ; 
the idea being that ammonia is liberated in sufficient quantity tc 
disinfect tlie soil. 

Bordaz (1914) has claimed very successful results in Martin- 
i(]ue from the use of carbon bisulphide emulsion. Trials of tliis 
substance in Dominica liavv failed to demonstrato its usefulness 
against root disease, although it has given apparently good 
results used against soil grubs. 

B'or my own part I cannot see that there is much scope for 
the u.se of disinfectants in the control of this disease It is safe 
to say that at the present time there is no disinfei*tanl available 
which isclieap eiiougli to l)e used in sullici'uit quantity to sterilize 
any consideraole area of ground. When we are dealing with 
a fungus which ponetrales to every part of even the tliickest 
roots, it cannot be expected that chemical agents will kill it out, 
or, being necessarily (jf a transient natui’e, stop its progro.ss, unh^ss 
all woody material is removed. When this has been done, exposure 
of the soil to sun and air is probably just as elfective as any 
disinfectant could bo. Where it is recpiired to deal with infested 
soil or ac(unnulations of vegetal)Ie matter nude!’ sluule, as for 
example, in the case of the lime trees with 8urfao(} infections 
s:)eeilie(l above, it is better to scrape away the surfa(;e soil witli 
a hoe than merely to exlinguisli the fungas witli a di.siiifeidant, 
leaving material liable to reinfection. Such a scraping of the 
soil, combiried with removal of low ])raiiches and of any other 
hindrances to the free cinmlatioii of air, has in tlie ca8e.s under my 
observation been sufficient. An application of lime, of sulpliur, 
or according to Fawcett’s results, of copper sulphate solution, 
would give an additional margin of safety. 

The addition of lime to the soil when clearing up a spot from 
v\diicli infested trees have been removed is commonly ))ra(‘tise(l, 
and is believed to contribute to hucc<‘ss in establi.shing supplies. 
It seems to me probable that tlie results obtained are not so much 
due to the sterilizing effect of tlie lime as to its action in hasten- 
ing the disappearaiKje of organic matter. 'Phere is a further 
probability that by neutralizing soil acidity lime pn^^biecs con- 
ditions Jess suitable to the survival of the fungus. 

If the view here t;>ken of the function of lime is tlio correct 
one, the main effect may be obtained by the use of slaked lime, 
which is the only form the t can be conveniently obtained in 
some islands. Quicklime, because of its additional sterilizing 
effect, is to be preferred when equally available. 

Where sulphur has to be imported, its price will not enalilc 
it to compete with lime, but there would appear to be possibilities 
in some places of obtaining it cheaply from bjicol sources. 
Sulphur has a more definite fungicidal action than lime, and one 
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which may be expected to develop slowly and have considerable 
persistence. In this connexion Fawcett (1915) reports an 
experiment in which a trench 4x4 inches was filled with soil 
mixed with sulphur, using about 15 grams of sulphur to each 
metre of treiicli. The fungus travelled through the soil to the 
edge of this barrier, but did not pass to the plants on the other 
side. A part of the trench which received no sulphur was crossed 
by the fungus. 

The effect of sulphur on the soil reaction is to increase 
acidity, and from this point of view it is d<*sirable to accompany 
or follow its application with an application of lime. 

ISOLATION OF CONTACTS.* The diseased tree having been 
removed, it is necessary to take stejis to prevent the spread of 
the disease among the trees around. In a regular field, with 
ordinary distances of planting, the roots of the trees form a 
continuous system of contacts, interrupted only by the deep 
drains. By the time a tree is so far diseased as to be noticeable, 
the probabilities are great that the roots of one or more of the 
neignbouring trees have also become infected. It is re(]uired to 
(!Ut the connexion between the infested roots and those of the 
surrounding healthy trees, and to break the continuity of the 
possibly infested surface soil. To be reasonably sure of doing 
this, it is iicce.ssary to carry an isolation treiu'h outside tlie trees 
in contact with the one diseascHl. Thus, in an undrained field, 
if 1) in the first diagram (1) represents a diseased tree, C the 
]) 0 ssible contacts, and H th(3 healthy trees, the isolation trench 
should take the course indicated by the unbroken line, and will 
include uiiie trees. 
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Neither the roots of the trees nor the course of the disease 
follow regular lines, and it is quite improbable that all the eight 
contacts are infected, but there is no practicable means of 
knowing which remain free. In order to save those which ar^* 

* This section, Avith minor alterations, is reprinted from the author’s 
pamphlet on diseases of lime tiees. (No. 79, Imperial l>epartineut of Agricul- 
tm^.) : 
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still uninfected, it is advisable to cut up the enclosed area chess- 
board fashion as indicated by the dotted lines. If these 
secondary trenches are omitted, it is likel}^ that the (tontaets 
will all go off sooner or later in tlie imiiiner already described. 

In situations where there is a risk of soil infections the trees 
gtill further out, (H...H in the diagrams), sliuiild liave some 
gpecial attention, especially if H i« an advanced ease when 
discovered. 

One lime planter in Dominica lias anticipated events and 
has separated his ti ees throtighout by trenches in both directions, 
so that eacli stands in a S(|uare plot cut off from the rest. This 
measure is regarded by the own(U\ and by Mr. (r. A. Jones, who 
has reported on it from time to time, as having CM)mpletely 
changed the prospects of the (‘state. Whereas the loss(^s from 
root disease were becoming increasingly serious and w(‘re quite 
out of control, they an( now reduced to occasional sporadic cases 
which cause no apprehension. 

While few planters will he disposed to go so far as this 
except under pressure of heavy losses, tliere is miKdi to be said for 
the general adoption of the system represented in the second 
diagram (11), wher«‘ a permanent drain (denoted b}^ a double line) 
exists betw(^eii every row and the nt‘xl. All that is required fi)r 
isolation is the cutting of cr<»ss trenches betwc^ea C and TT, to 
separate contacts from liealthy trees, and secondary (toss trenches 
between 1) and C. to save tin* contacts if they do nol }u-uvc to 
have bpcome infected. The length of isolation li emdi r(‘(|uire(^ is 
reduced to one sixth. It will be. objccited that tlie provisitui of the 
dra.us in the first instamu* involves mucli more expense, but apart 
from such purely agricultural Ixuicfits as may bo obtained, the 
difference a very practical one between cutting trenches in 
a systematic way, and at a convenient time, on tlie one hand, 
and on the other hand having to <lo it as an omergenoy measure, 
it may be at a time when i*. is highly inconvenient. Tt;may be 
suggested that the expense of draining should bo discounted by 
regarding it as a system of insui'anc.e, wlienJw from (iaidi sporadic 
case of disease wliidi oc(;u.‘.s. two tn;os only, histcad of eight, are 
exposed to root infection. Tlu* adoption of sucli n system would 
prevent the devcdopineut. of the larger open spaccis, extending 
sometimes over the sitijs of do/.ens of treu's, which are the 
moat disipiieting feature of (dealings wliero this diH(^aKe has 
become well established. Tlu're are arguments for this t ype of 
draining as a pinch* jigrkudtural measure in wet districts, and 
tliere are instances in Dominica of its iidoptioii on such grounds 
alone. The loost serious objeirlion 1 have heard urged against 
close draining in lime Helds (iobcerns the inconvmiience and loss 
experienced in the (xjlleclion of f"** crop, but 1 doubt if this comes 
near to V)alancino the advantages oi system. On sUtej) slope , 
of course, the trenching will have to he carried out with due re- 
g.ard to contours and the danger of slips and of wash : on all 
recent clearings there will be breaks due to large stumps. There 
are some situations where the imuhod is quite out of the <|Ucsnion, 
but they afford no argument again.st applying it where diiliculties 
are non-existent, or can be overcome. Like the preventive meas- 
ures already indicated, it should he applied first of all in the 
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situations where the losses are greatest, and extended as 
opportunity permits. 

It is not necessary, from the point of view of root disease 
that the trenches should conduct water ; indeed, where loss of 
surface soil by wash is feared more than the alternate danger of 
water-logging, it may be advisable deliberately to check their 
function in this respect. They may then be periodically cleaned 
out, and the deposit returned to the soil. Tt gives a clearer point 
of view if the system is regarded as one of permanent isolation 
trenches with a secondary tunction as drains, rather than as one 
of drains in the first instance. 

Returning to consideration of tlie treatment of infested 
spots, there are two commonly existing situations which need to 
be dealt with. These are (1) the case where a large patch of 
trees has already been eaten out of a field, and the disease is 
spreading outward around its circumference, and (21 the case 
where one or more trees have been attacked around a large 
forest stump, infested or likely to become so, which together with 
its heavy roots prevents the cutting of trenches over an area 
which may include quite a number of trees. In both cases the 
procedure has to be modified to suit each individual set of cir- 
cumstances, but still follows the simple principles set out above. 
Whore roughly parallel main drains or watercourses exist on 
each side of the area, they shouhl bo joined across above and 
below to establish an outward limit, even though it may be a 
wide one, to the spread of the infection. Then working inward 
from this, succesKsive trees or rows of trees which appear healthy 
may be separated off wlierever it is possible to dig a trench, and 
the disease thus confined to the narrowest limits. 

In the situations, sometimes met with, especially in cacaO 
plantations, where the trees are growing amongst a confusion of 
fallen rocks, the possible measures are limited to early removal of 
so much of an infested tree as can be got at, and the liming of 
the soil about adjacent trees, with a view to preventing spore 
infections of the material which accumulates in the enclosed 
pockets of soil. 

It has been commonly recommended that a trench be carried 
in a circle around diseased trees and their contacts. This 
method has practical - disadvantages. The extent of the existing 
infection can never be ascertained by inspection, and a wide 
circle, wdiile enclosing many healthy trees, may prove too 
narrow to include some line of infection that has run oflF in 
advance of the general spread. A circle leads nowdiere, whereas 
a system of squares may be added to at any point and be carried 
in any direction, and is capable of any subdivision. It has 
moreover the great advantage of linking up with an existing or 
prospective drainage system. 

As regards the form of the trench itself, there is but one 
essential so far as root disease is concerned : that it should be 
deep enough to out through all the roots passing across its 
situation. When digging near an infected tree, the earth remov- 
ed should be thrown inward as a precaution against the scattering 
of possibly diseased material among the healthy trees. This 
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refers more particularly to secondary trenches ; the outer trench 
should be put far enough away to avoid, iu general, the chance of 
finding such material. The earth sliould be distributed, not 
banked at the ed^e of the trench, unless put there iu exceptional 
circumstaiiicos witli tliB purpose of avoiding wash. 

Under no circumstances, liowever, should the c*ollar of the tree he 
earthed up. Roots pa.ssing into tlu‘ liealthy area should he 
followed up and removed, so far as this eaii he doim witliout 
much injury to other roots. It would !)e well if out' ends of roots 
were painted. 

SURVIVAL OF SU]*PLY PLANT.s. Oil the thoroughness with 
which the clearing- up is done depends the chaiict* of survival 
of an early supply plant. It has been found in St. Jjieia, where 
the results of several years of experience of the treat iueiit of 
this disease on cacao are now available, that where tlu^ work 
has been carried out under the personal supervision of the 
planter, supplies put in a mouth afterwards have remained 
healthy. The longer the delay the greater the chance of sur- 
vival. It must he rememherod that a supply may do well for 
a few months while its roots occupy the site from which tiu' 
stump was removed, and then become infected from some oul- 
lyiiig fragment of the old tree as its roots spread wider. Such 
cases have been definitely traced, 

Tiik Possiiulitiks of Control. 

Rosellinia disease in orchard cultivations is by its nature 
capable of the most ferious coiise(|Ucuces. It is cumulative iu its 
effects ; each tree that contracts it infects as a l ule not merely one 
but several more, and each tree killed takes :it least five or six 
years to replace. In new clearings, encumherod with stumps and 
logs, and in cacao fields with large shade trees, the disease is 
difficult to deal with. 

It may he (MUifideiitly claimed, howevtu*, that the application 
of the principles of prev'ention and control scit out iu the pi'eced- 
ing pages will reduce tlie annual losses to a minimum that is lu^t 
likely to be serious, and one may further expo(;t a gradual 
diminution year by year of even the spi)radic cases. 

Control does not depend oi. any special apparatus or material, 
hut on operations of a familiar typ<*, demanding little special 
skill. Everything depends on the vigilance and thoroughness 
with which they are carried out. (tireless or half-hearted work 
is of little use against this disease, which is apt to pursue its 
course with an appeaiJince of deliheratioii and inevitability which 
is disconcerting. 
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SUMMARY. 


Several species of the genus Roselliiiia give rise to a well- 
defined type of root disease in numerous countries of the world, 
temperate and tropical. The fungus kills out cultivated trees 
or shrubs in patches, and often infests the soil and destroys 
practically all vegetation with whiph it comes into contact. 

In the Lesser Antilles, Hosellinia diseases occur in 
Guadeloupe, Dominica, Martinique, St. Lucia, St. Vincent, and 
Grenada ; they are unknown in the remaining islands of the 
group, which have drier climates. 

The range of hosts is an exceedingly wide one, embracing 
practically ail the important cultivated and semi cultivated plants, 
but the cultivations most affected are those of cacao (in all the 
islands), coffee (in Guadeloupe and Martinique), limes (on new 
clearings in Dominica), and arrowroot (in the interior districts of 
St Vincent). 

The disease on (iacao is usually caused by the species 
RoHellinia Pejw, and in most cases at tlie present time, the fields 
being well established, is cominiinieated from the roots of dead 
or dying shade trees, espectially breadfruit, avocado pear, and 
pois-doux. Another species, as yet unidentified, is believed to 
attack cacao in certain lo(taliti(‘s. 

The disease on limes and coffee is caused by R, Pepo ov 
R, bunodefi, indifferejitly. 

The first cases in new clearings are usually associated with 
forest stumps left to decay, especially those of (certain special 
trees. Subsequent cases arise from the spread of the fungus 
from tree to tree along the roots, or by infection from surface 
soil ricii in decaying vegetable matter, which readily becomes 
infested in damp and shaded situations. 

An infested tree may be killed gradually by the progressive 
investment of the roots, or rather quickly by the desti notion of 
the bark around the collar. The fungus penetrates both bark 
and wood. Conidia are produced with great readiness wherever 
the mycelium emerges into the open ; perithecia occur later, and 
especially in the case of 7?. Pepo tiu'ir formation may be long 
delayed. 

Much can be done to prevent outbreaks of the disease by 
measures directed tov^ards exposing to wind and sun the soil, 
the bases of the trees, and any logs or other dead material lying 
about. Oases wliich arise may be restricted by these measures 
and by the provision of a close system of trenches to prevent root 
cont act. 

Treatment by excision and exposure is successful in' the 
early stages of infection, but in practice these are hardly ever 
detected. Periodical surveys would save many trees. 

Infested trees should be flamed and then promptly 
removed, all rm^ts dug out and burnt, the soil limed, and t\ie 
situation exposed as much as possible All adjacent trees should 
be isolated from each other by trenchea 
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EXPl.ANATION OF FICUJULS. 

1. Rosellinia Pepo : perithecia on (%‘i(;ao. 

2. „ „ : conidial fructilications on cacao wood. 

3. „ „ : white mycelium under hark of cacao. 

4. „ ,, : smoky mycelium on hark of i^acao stem. 

5. „ „ : early stage of infection on living cacao 

root ; (hark removed,'. 

6. R, bunodes : lijycelium, on, in, and bmieatli hark of lime. 

7. ,, : peritliecia on lime hark. 

8. „ : conidial frnctificationstwith a few perithecia) 

on a lii;io twig. 

9. „ : mycelial strands in lime wood (long, .sect ) 

10. „ : the same (trans. sect.) 

11. Unidentified species (C) : perithecia on cacao woo(j. 

12. A. Ascus of /L bunodes. B. Ascus of R. subiculnta. C.* Asiuis 

of the unidentified species (Fig. 11). I). Spore^s of supposed 
R. bothrina. E. Ascus of R. Pepo. F, Terminal hypha Irom 
conidial fructifications <4 R. Pepo. G. P7xtornal hypha char* 
acteristic of Rosellinia spp. 


* In Fig. 12 C. the engraver has .somewhat reduced the Icngtii of Um* 
spores first, third, and fifth from the aoex of the ascus, The .spore.s of this 
species are very similar to those of D. 
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THE SHEDDING OP PLOWBR-BUDS IN COTTON. 


BY S. C. HARLAND, B. S^. (LOXD.), 

Assistant Agricultural Superintendent, St. Vincent. 

The shedding of flower buds in cotton has been noted by 
Balls (^) ill Egypt, and by Thornton (") in Southern Nigeria. 
Balls mentions a strain derived from an Egypto- American cross, 
some plants of which' shed their buds just before opening them, 
while their neighbours retained them. Thornton alludes to the 
shedding of buds of about :J-inch in diameter, and attributes it to 
unfavourable climatic conditions. 

So far bud-shedding does not appear to have received much 
attention in the West Indies, although casual allusion to it has 
been made in various publications. It exists, however, in a 
varying degree, in all the varieties of cotton which tlie writer has 
examined. 

The statement has been made that if West Indian native 
cottons be sown ‘ out of season ’ they will refuse to flower until 
their proper flowering time, i.e. November to May. It was iu 
testing the truth of this statement that the question of bud- 
ehedding received attention from the writer. 

In St. Vincent the majority of buds shed are from 2-5 mm. 
in diameter, but occasionally buds up to 8 mm. in diameter may 
be shed. Shedding leads to sterility, which is either partial or 
complete. 

It will be convenient at this point to describe the behaviour 
of certain types of cotton planted on December 5. 

ST. VINCENT NATIVE TYPE A. 

This cotton in nine months grew to a height of over 8 feet. 
The plants were examined frequently and the first flower- 
bud, which, however, dropped when 2 mm. in diameter, was 
seen on February 8. Since then the plant has continued to 
produce flower buds which have all dropped in the same way. 
The appearance of the plants is peculiar. There is a stout central 
axis of about 8 feet in height. From the lower 3 feet of the stem 
spring numerous monopodial branches, which grow outward and 
then upward, Anally becoming almost parallel with the main 
stem. Above the region of monopodia, every oxtra-axillary bud 
gives rise to a sympodium of from 12 to 18 inches in lengtli, on 
which are seen scars, marking the site of dropped buds. At the 
extreme tip of the sympodium can be seen a minute flower bud, 
often yellowish-green in colour, having almost completel}^ severed 
its connexion with the parent branch. No less than 376 scars 
were counted on one of these plants. The parent tree has been 
examined from time to time, and such sympodia as are present 
on it are showing the same features. There is this difierence 
between the parent tree and the progeny : in the former numer- 

(1) W. b. Balls : The Cotton Plant in Egypt, p* 

(«) T. Thornton : Proceedings of the International Congress of Tropical 
Agrictdturtt 1914, 



oils monopodia are springing from the base of the plant \v Inch 
again bear monopodia, whereas ill the latter, the monopodia are 
bearing sym podia as in the main stem. One may eontidently 
expect that later in the year, the habit of bud-shedding will 
cease more or less abruptly and that uoiinal llowering will 
commence. 

ST. VINCENT NATIVE TYPE H. 

In the case o£ this cotton, certain modiliiatioii occurs. Fiom 
the lower part of the stem spring monopodia from the extra- 
axillary buds. Higher up the extra-axillary buds product^ 
syinpodia. 8ym podia are also produced from the monopodia. 
A few flowers were produced about t liret^ niuiitlis after sowing, 
the maximum number of flowers for any one plant being three. 
After this the habit of biivl-shedding set iu, lasting for about 
eight weeks. Later it was noticed that the plants had i*(‘ase<i ])ro- 
ducing syinpodia and were now producing only monopodia, V)oth 
from the main stem and from the primarv monofHxlia. No mort? 
flowers have been produced to the date ol writing f September 
11), although at this date syinpodia have begun to arise from 
extra-axillary buds at tlie top of tlie main stem, and lhe.se 
syinpodia exliibit bud-shedding of the same f ype as those producerl 
first. 

ST. VINC ENT NATIVE TYPE C. 


This cotton is of the Kidney type ((J. bmsilu>}iHe vai’.). 
A certain number of llowers were produced, beginning tmi and 
a half weeks from planting. The inaxiinmn number of flowers 
C'or any one plant was twenty-foui*. Subsequently the formation 
of further flowers was prevented foa a pi^riod of ciglit weeks by 
Imd-drnpping. The plants were then ratooned, so that fui lluN* 
observations could not be carried out. 

Tliese three cottons form a gradbd .series. We now have to 
cou.sider tJie behaviour of a nali\e cotton from 8t. Croix. 

ST. C ROl.V NATIVE TYPE I, 

A plot of this cotton was planted at the end of August. 
There was no sign of bud-shedding. Flowering coinmemied about 
eleven weeks after sowing and continued till the beginning of 
June when tlie hnd-sliedding habit set in gradually, liy the end 
of June no flowers were being produced, although flower buds were 
present abundantly on the syrnpodia Jb was noticed, howe' er, 
that in the case of planl(9 wliich were cuf back clo.se to the 
ground, the young shoots grew very vigoroirsly, but instead of 
producing syrnpodia they produced only monopodia. The hud- 
dropping habit in the unprunod plants is now (Septeniher 11) 
showing signs of coming to an eiul, since most of the flower laids 
are developing normally. 

A further sowing was made on May 11. After eleven weeks 
flower-buds were looked for hut none were found, and it was 
seen that the plants were producing only monopodia. 1'his type, 
like the St, Vincent Native Type B, evidently has the power of 
regulating flower production in more than one way. 
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The Canto cotton of Cuba (O. hrasiliense^ var^ apoapermum^ 
Pprague) seems to behave similarly. Sown at the end 
of August, flowering commenced in ten weeks and continued till 
the end of June. Unfortunately, the plants had to be ratooned 
close to the ground so that no opportunity has occurred of 
examining the behaviour of unpruned plants. It is noticeable, 
however, that in the new shoots, no sympodia have yet been 
produced. The plot planted on May 11 has produced abundant 
.monopodia, but no sympodia to the date of writing (September 

SEREDO COTTONS FROM BRAZIL. 

These are perennial types of unknown hybrid origin. The 
bud-shedding habit is markedly developed. Some of the plants 
have been under observation for eighteen months. Broadly speak- 
ing flowering takes place in from eleven to twelve weeks when 
planted in August or September, and continues till the middle 
of June. After that, bud-shedding causes the production ^ of 
flowers to cease totally. In August, signs that the period of 
bud-shedding is drawing to a close begin to he apparent, and 
scattered flowers are found towards the end of that month. 
The bud-shedding habit is thrown off very gradually, and it is 
not till the end of September that full flowering is resumed. 

SEA ISL.iND AND AMERICAN UPLAND. 

When we come to e.xamine Sea Island and American U pland 
cottons, the phenomena are totally different. Careful seandi in 
plots of such cottons planted on May 11, has shown that a certain 
amount of bud dropping does exist in Sea Island cotton, and 
ma}^ in certain cases retard the flowering period for three or four 
weeks. In no case has cessation of flowering approaching the 
sterility already described been noticed. The maximum number 
of buds shed by a single plant has not exceeded twenty-five. 
Taking a single row of cotton planted 5 feet x 18 inches, the 
number of buds dropped after nine weeks of growth averaged 
twelve (on twenty-five plants). This shows that bud-dropping is 
one of the factors which influence yield in St. Vincent. Further 
observation is necessary, as the question is obviously an 
important one in connexion with inanurial experiments. 

In the only variety (Southern Cross) of American Upland 
under observation, bud-shedding is extremely rare. 

PROVISIONAL CLASSIFICATION OF TYPES. 

Ic is clear from what has been said, that in the West Indian 
native cottons described, and also in the Brazilian Seredo cottons, 
there is a definite periodicity in flowering, which is due in some 
cases to the substitution of monopodia for sympodia, and in 
others to ijie habit of shedding flower buds when a few millime- 
ters in diameter. During the period September to June, 
flowering takes place freely with little or no shedding of buds, 
but from June to September there is complete cessation of 
flowettng. 

It appears that the root conditions have little to do with the 
kabit, sinoe plants growing in tubs, where the water-supply 
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could be controlled were affected at approximately the same 
time, and in precisely the same way as those in the open ground. 

That the bud-shedding habit is not intliieuued to any extent 
by climate is shown by the fact that the native cottons of the 
Southern Grenadines, where rainfall is miu^h less than in St. 
Vincent, were found in August to hi- as subject to the habit as in 
the latter island. 

In regard to Sea Island and Tpland cottons, biid-sliedding 
interferes but little with the time of flowering. .Sea Island 
invariably llowers in about eight weeks after sowing, and TTpland 
in from six to seven weeks, whatever the season may bo. 

Broadly then, a separation of types may be made as follows : — 

(a) Cottons exhibiting no periodicity in flowering siicli as Sea 

Island and Upland. 

(b) Cottons exhibiting periodicity in a v'arying degree, com- 

prising many West Indian Natives and tlie Sei*edo 

cottons from Brazil. 

The bud-shedding in Sea Island cotton in not in the same 
order of phenomena as tliat in the Native types. It is probably 
influenced by many fa(^tors, chief among whicli are i*apid changes 
in weather conditions and, in particular, of over-humidity of the 
atmosphere. 

A further subdivision of types may be made as follows : — 

f)— Typos which have no periodicity in flowering. 

1 — Types such as St. Vincent Native C, wliicli prodiujc 

a certain number of llowers and then cease. 

2 — Types such as St. Vincent Native B, whicli produce a less 

number of flowers than class 1. 

II — Types such as St. Vincent Native A, which exhibit 

complete cessation of flowering from June to October. 

This classification does not imply tlial old plants will 
necessarily behave in the same manner as their progeny when 
sown out of season. It has already been explained that there is 
a tendency for older plaiif»s to limit themselves solely to the 
production of monopodia, in the interval fietween one flowering 
season and the next. 

To determine the particular class of any plant it would be 
necessary to sow it out of season, say, from December to February, 
and observe its behaviour. 

HEREDITY OF TENDENCY TO SHED FLOWER-DUDS. 

Work on this subject has not proceeded far as yet. Certain 
conclusions have been reached, however, in regard to the first 
hybrid generation, which it fulvisable to place on record. 

Experiment 1. Sea Island (o) x St. Croix Native Type 1 (2) 

The first flower appeared in seventy-one days after planting, and 
all the plants (eight in number) produced flowers before the 
seventy-sixth day. It was noticed at this time tliat many of the 
younger sympodia were shedding their flower-buds in just the 
i^n^e manner as has been described in St. Vincent Native A. 
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After each plant had produced some five or six flowers^ 
the habit of shedding the buds set in and the plants showed no 
signs of normal flowering till August. Towards the middle of 
August it was seen that fewer buds were dropping and that many 
buds were developing normally. On August 26, one of the plants 
flowered, followed in rapid succession bv the others. By the 
middle of September, flowering seemed to be almost normal. 

Planted on May Ih a plot of this hybrid produced flower- 
buds in abundance but no flowers. At the beginning of Sep- 
tember, the plants (fifty- one in number) were showing normal 
buds. 

In this hybrid theiefore, the habit of shedding buds behaves 
as a dominant. 

Experiment 2. Sea Island (o) x Seredo Type 1 (2). 

Plower-budft were seen in nine weeks after sowing 
(March 1), but during the following six months no flowers were 
formed. At the beginning of September, normal flower-buds 
appeared, the number of buds slied decreasing greatly. 

The habit of sliedding buds is therefore dominant. 

Experiments. Seredo Type 2 (2) x St. Croix Native (2)* 

The behaviour of this type resembled that of the St. Croix 
Native parent in that no sympodia appeared, but only 
monopodia, during five months from the sowing date (May 11). 

Experiment i. Canto {O, BraHilien^e^ var. apospcrmiinif 
Sprague) (1) x Upland (o). 

The F/1 resembled the Upland parent, flowering in si.xty- 
eight days. Canto planted at the same time produced oulv 
monopodia. 

Experiment 5, Upland (o) x St. Croix Native (2). 

The behaviour of this hybrid is peculiar. When planted in a 
situation where the soil was deep and well drained, the plants 
behaved almost like the Upland parent. Little shedding of buds 
occurred, and flowering took place in eight weeks from sowing 
(May 11). In another place where the soil was rather shallow 
and badly drained, the plants shed the first formed buds and 
delayed the date of the first flower twenty one days. After this, 
flowers were produced normally. The slieddiniy of buds in this 
hybrid is to be attributed to unfavourable climatic and soil con- 
ditions rather than to any tendency towards periodicity in 
flowering, 

The habit of shedding buds behaves here as a recessive and 
not as a dominant. 


CORBBLATION OF PfCRIODICITY IX FLOWERING AVITH RESIS- 
TANCE TO LEAF- BLISTER yilTE (ErtophycH goseypii, BANKS). 

In a paper,* appearing in another part of this Journal, the 
present writer points out that W^est inefian Native cottons can be 


*N6te on Keftifitance to Cotton Ijoaf-BIiater Mi to (Eriophvet ootnmU 
Banks)t with special reference to Budded cottons, and to cotton Hybrids. ^ 
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separated into : (a) types immune to leaf-blister mite, (b) typevS 
which ac(juire leaf-blister mite but which may be classified as 
fairl}” resistant in comparison with the very susceptible Sea 
Island. 

In general it may be said tliat the nearer an indigenous 
cotton approaches Sea Island in morphological characters, the 
more susceptible it becomes to leaf-blister mite. A similar state- 
ment can be made for that type of periodicity in {lowering due 
to bud-shedding, i.e. the more extreme the periodicity in flowering 
becomes, the greater the divergence from the morphological 
characters of Sea Island, and the greater resistance to leaf-bliste)‘ 
mite. 

St. Vincent Natives A and B, the Seredo cottons from 
Brazil, and St. Croix Native are all iimmine to leaf-hlistcr mite, 
and all exhibit hnd shedding of (^lasses 3 or 2. St. Vincent 
Native Type C belongs to the Kidney series, i.e., is a variety ot 
Gonsj/pium brasiliense. It shows an approach to Sea Island in 
(a) tile pitied dark-green bolls, (h) in the glabrous petioles, (c) in 
the general characters of bracts, calyx, corolla, and stamens. It 
jfhows partial resistance to leaf-blister mite, and exliibits bud- 
fihedding of class 1. 

Now in a liybrid between a West Indian Native immune to 
leaf blister mite and the susceptible Sea Island, wo find that in 
the F/1 almost complete rosistanc* is developed, and at the same 
time the habit of shedding buds is in evidence. 

When T'^pland, which is siisceptihh* to leaf-blister mite, is 
crossed with an immune West Indian Native whicli also exliibits 
periodicity in flowering of class 2 or 3, the 1^71 «<> far as one 

can judge, almost as susceptible to leaf-blister mite as its TTpland 
parent, while periodicity in flowering of class O is shown. 

Further, in the F/2 of a cross between Sea Island and West 
Indian Native, types immune to leaf-blister mite have appeared, 
and these plants all have the bud-sliedding habit of class 2 or 3. 

There is evidently a correlation between resistancic to leaf- 
blister mite and periudicitj’' in flowering. 

Further work will show whether correlation is complete or 
partial. 


SUMMARY. 

1. It has been shown that certain cottons— the West Indian 
Natives and Seredo cottons from Brazil, exhibit periodicity in 
flowering. They do not, as a rule, produce flowers during an ill- 
defined period "from June to September. Flower production 
ceases either because monopodial branching is substituted for 
sympodial, or because the flower-buds are shed when from 
2-5 mm. in diameter. Other types such ns fjpland and Sea Island 
have no periodicity ot this kind. 

2. Flower-bud shedding is not influenced greatly by root 
conditions or rainfall, since plants growing in tubs, wljerc water- 
aupply could be controlled, developed the habit at the same time 
as tnose in the open ground. In other islands where climatic 



78 

conditions are much different, the same features were seen as in 
St. Vincent 

3. In hybrids between types differing in the bud-shedding 
habit, it has been established that when Sea Island is crossed 
with a West Indian Native in which the bud-shedding habit is 
developed, the F/1 exhibits this bud-shedding. 

The presence of the habit in this cross is thus dominant to 
its absence. 

4. Crosses between Upland and West Indian Native give 
rise to an F/1 which does not shed its buds. 

The absence of the habit in this cross is thus dominant to 
its presence. 

5. A correlation is suggested between resistance to cotton 
leaf-blister mite {Eriophyes gosaypih Banks) and periodicity in 
flowering. 


NOTES ON RESISTANCE TO COTTON LEAP 
BLISTER MITE WITH SPECIAL REFERENCE 
TO BUDDED COTTONS, AND TO 
COTTON HYBRIDS. 

BY S. C. HABLAND, B.SC. (LOND.), 

Assistant Agricultural Superintendent, St. Vincent, 

Introduction. 

The leaf-blister mite of cotton, Eriopktm gossypii, Banks, is 
well known as a pest of that plant in the west Indies. The 
following general description of it is given by Ballow (^) : — 

* The leaf-blister mite attacks all parts of the cotton plant 
except the roots. The blisters which are characteristic of this 
mite are distortions or swellings, which result from its presence, 
and are probably due to an irritation in the tissues of the plant 
caused by its feeding. They ane lined with a thick growth 
of very fine hairs, among which the mites live. The leaf-blister 
mite IS almost microscopic in size. It is so small that even 
when very abundant the individual mites can scarcely be seen 
even with the aid of a good magnifying glass.’ 

Varietal Resistance. 

The resisting power of different varieties of cotton to the 
mite, varies greatly. All gradations exist between great 
susceptibility and complete immunity. Classification of the 
various tyi)e8 is thus rendered very difficult. The following 
table submvides those cottons which have been under observation 
into (1) attacked, (2) immune. 
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VARIETIES ATTACKED. 

Sea Island | 

Egyptian (Sakel) i 

American Upland (Southern 
Cross) 

Cara von ica 

Chinese (G. Nnnkimf, Meyen) 
Hawaiian {(t. Tomentoaum^ Watt) 
A Virgin Gorda Native 
Four natives from Southern , 
(Trenadines 

Three St. Vincent natives 
Cauto (G. hraHiliensey , 

var. apospennurti, Sprague) 


VARIETIES IMMUNE. 

Five different varieties of Seredo 
cotton from Brazil. 

Four natives from St. Croix. 

A native cotton from St. 

Tliomas. 
from Tortola. 
„ from Dominica 
Eight natives from St. Vincent. 
Five natives from Southern 
Grenadines. 


Of the varieties which are attacked, Sea Island and 
Egyptian appear to be most susceptible, followed by Upland and 
Caravonioa. Observations on the Chinese and Hawaiian 
varieties have not been sufficiently extensive to define exjictly 
their behaviour towards the mite. They ha\ e been seen with 
a fair number of galls. The noii-immune native cottons including 
Cauto, which is supposed to be iiuligciioiis to Cuba, are compar- 
atively resistant, and, broadly speaking, they do not acijiiire 
leaf-blister mite so quickly as Sea Island, and their growth is 
seldom seriously affected. 


Correlation of Resistance to Leaf hlisteh Mite with 
Morphological Ch a r a( ters. 


The question of the eru-relation of mor[)liological characters 
with resistance is an interesting one. Those v/irieties that are 
immune all agree in possessing a pre lominautly three-lobed leaf 
and a smooth boll, i.e. a boll in which the ghinds are situated more 
or less below the surface. F urtherrnoro they are all perennial types. • 
In regard to the non-immune native types, they are found to agree 
in the possession of a leaf which is five-, occasionally seven-lobed, 
and a boll which resembles that of Sea Island or Egyptian 
in that the glands are at or ‘near the surface, consequently 
imparting to the bolls a more or less pitted appearance. . All the 
other non-immune types listed, have pitted bolls, but not all have 
the five- or seven-lobed leaf. It is doubtfid, however, whether 
the fairly general correlation outlined above is at all a iihiversal 
one 


Resistance in Budded Cottons. 

The West Indian immune types are exceedingly \/igbrous 
and hardy. Attempts have been made therefore to see Whether 
the immunity to blister mite, together with the native ability 
to withstand unfavourable conditions, can be transferred to Sea 
Island cotton when the latter is budded on to the foimier. 
Experiments in budding other varieties have also been’ (Harried 
out. The results, so far as they concern resistance to leaf- blister 
mite are placed below. 
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No. of 

Experiment. 

Stock. 


Scion. 

1 

1 

Resistance of 
Scion when 
budded. 

1 

1 

Seredo, Type 1 

(I) 

Sea Island 

(S) 

jApparently 

increased. 

2 

Sea Island 

(S) 

Seredo, Type 1 

(I) 

Immune, 

3 

Seredo, Type 11 

(I)liSea Island 

1 

(S) 

Apparently 

increased. 

4 

Seredo, Typo 111 

(I) 

•Sea Island 

j 

(S) 

Apparently 

increased. 

5 

Seredo, Type 111 

(I) 

j Upland 

1 

(S) 

Apparently 

increased. 

6 

Sea Island 

(S) 

Bequia Native (F.R) 

Fairly resistant 

7 

Bequia Native (F.R.) 

Upland 

(S) 

Susceptible. 

8 

St. Croix Native 
Type 1 

(I) 

Sea Island 

(8) 

1 

Apparently 

increased. 


I ~ Immiiue ; 8 *= Susc^eptible ; F/R. ^ Fairly resistant. 

These results lend to show : — 

(a) When the stoc^k is susceptible and the scion is immune the 
scion retains its immunity. 

(b) When the stock is immune and the scion is susceptible the 
resistance of the scion is apparently increased. 

(c) When the stock is fairly resistant and the scion is suscepti- 
ble, the susceptibility of the scion is unchanged. 

(d) When the stock is susceptible and the scion fairly resistant, 
the resistance of the scion remains the same. 

In Experiment 2, the Sea Island stock gave rise to several 
shoots after about live months' growth. These acquired leaf- 
blister mite badly, and the contrast with the immune branches 
of the scion was very marked. 

In regard to the apparent increase in resistance in experi- 
ments 1, C 4 and 8, there is uncertainty whether the resistance 
is increased by the stock or whether the bud being set compara- 
tively high up the stem, the opportunities for infection are not 
so great. 

[Note. — The budding of cottons is a comparatively simple 
operation. The stock should be in a condition when the bark 
is easily separable. A young plant about 2 feet high makes 
a suitable stock. The bud, \\mich should be taken from a branch 
of approximately the same size and maturity as the stock, is 
inserted about 12 inches from the base of the stem, and 
bound with ordinary tape. It is immaterial whether petiobd 
or non«petioled bud wood is used. Union takes , place very 
quickly, and the stem may be severed above the bud after the 
lapse of about fourteen days ] 
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In the Annual Report of the Hawaiian Agricultural Experi- 
ment Station for 1910, p. 63, appears allusion to tlie budding of 
cottons. All inferior Caravonica plants were budded with 
^elected varieties. 

Resistance in Hyuuid Cottons. 

The present writer has shown (-) that a cross between the 
immune variety St. Croix Native Type 1 and the susceptible 
Sea Island variety Chance, gives an F, I, which is to all intents 
and purposes immune, i.e. a few scattered mite galls may appear 
but the plant may throw oif the inlection completely at a lai.or 
stage. In the F/2, segregation oc(*nrs, and noth " susceptible 
and immune types appear. These an* connected by a series of 
intermediates between which no clear line of demarcation can be 
drawn. Data in regard to the F/1 of a further series of crosses 
will be found below. 


No. of 
Experi- 
ment. 

Cross. 

Resistance of P’/l. 

1 

8ered() Type I (I) Sea Island (S; 

Almost immune. 

2 

Serodo Typo 11 (1) 8ca Island (S) 

Almost immune. 

3 

ITpland (S) Sea Island (S) 

Suseoptiblo. 

4 

Upland (8) St. Croix N.ative (1) 

Suscfeptible. 

5 

Upland (S) Canto (F. R) 

Susceptible. 

6 

Serodo Typo 11 ( I ) St . ( 'roix 

Native (1) 

Almost immune. 


These results tend to show : — 


(a) Tlio F/1 of the cross ‘ immune ’ by ‘ susceptible ' is 
almost immune when Sea Island is the snscjoptihle 
parent, hut when Dpiaiid is used as the Husccptil)le 
parent the F/1 is also susceptible. 

(b) The F/1 of the cross ‘susceptible’ by ‘ si 2 HC(;ptil)'e ’ is 
susceptible. 

(c; The F/1 of the cross ‘ susceptible * by ‘ fairly resistant ’ 
b susceptible. 

The result of Experiment 6 is anomalous, and the experiment 
needs repeating. F/1 is, Iiow^' er, apparently not of a vigorous 
constitution, and this may partially explain the presence of 
a few mite galls. 

Comparison of Budded with Hybrid Cottons. 

A comparison upon which any broad generalizations could 
be based is inadvisaole in the light of present knowledge. It 
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may be pointed out, however, that budding and hybridization 
appear to aflPect the resistance to leaf-blister mite in a very 
similar manner. 
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ON THE OBNETICS OF CRINKLED DWARF 
ROOUES IN SEA ISLAND COTTON. Part 1. 

BY e. C. HARLAND, B.So., (LOND.), 

Assistant Agricultural Superintendent, St. Vincent. 

In September 1915, the writer noticed in a plot of selected 
Sea Island cotton certain rogue plants, all of which possessed the 
same general morpliological characters. It was difficult to 
account for the appearance of these rogues, since the plot in 
which they occurred was the outcome of single plant selections 
made from 1910 onward. The seed from some of the rogues was 
kept separate and planted in progeny rows. Crosses were made 
between the rogues and ordinary Sea Island plants to see if any 
light could be thrown on the inheritance of the rogue characters. 

GENERAL DESCRIPTION OF THE ROGUES. 

The main stem ceases to grow at a very early stage, so that 
the maximum height is less than 2 feet 6 inches. 

The plants are often without monopodial branches, but one 
or two of the latter, about equal in size to the main stem, may be 
pi^esent. The production of fruiting branches both from the bud 
XU the leaf-axil and also from the accessory bud, is extremely 
oharacteristio. The first flower appears in about eight weeks 
after the seed is sown, i. e., at the same time as ordinary Sea 
Island, but a large number of flowers are produced in a short 
space of time, owing to the substitution m a high degree of 
sympodia for monopodia. Thus a single plant, sown on Decem- 
ber 20, produced its first flower on February 23. In six weeks 
115 flowers were counted, which would have given in the neigh- 
bourho«3d of |-lb, of seed-cotton if the bolls had reached maturity. 
The tendency to boll-shedding in the rogues is so pronounced, 
however, that 95 per cent, of the bolls were shed. In other plants 
all the tolls dropped. 

The leaves are much smaller than those of Sea Island. They 
pc^ss a peouliar appearance owing to patches of lighter 
y^owish-green being distributed over the surface. The leaves 
invariably have tojrn and ragged edges, and are oharaoteriatioally 
erink\eA« 
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There is a general reduction in the size of all the vegetative 

{ )art6« The intemodes, the teeth of the bracts (Plate 1 ), the 
ength of the lint, and the flower parts are all shortened. The 
average seed weight is less than that of ordinary Sea Island. 

To sum up. — The crinkled dwarf rogues in Sea Island 
cotton are characterized by their crinkled, mosaiced leaves with 
ragged edges, by the extreme development of the sympodial 
habit, by the reduction in size of practically all parts of the 
plant, and lastly, by the great tendency of boll-shedding resulting 
often in sterility. 

PURITY OP TYPE. 

As already stated, some of the rogues produced no ripe bolls, 
and it will be seen that it is difficult to obtain self-fertilized 
seed. A few bolls, however, were obtained from two of the 
plants, and the seeds when sown threw rogues only, the number 
of plants being twenty seven in one case and eight in the other. 

Progeny rows from other rogues were grown, using seed not 
self -fertilized. The majority of the plants produced were 
rogues. One or two Sea Island plants, appeared however, and 
the presence of these is almost certainly due to cross-fertilization 
with neighbouring Sea Island plants. 

THE F/1 GENERATION OF THE CROSS SEA ISLAND BY ROGUE. 

A large number of different crosses were made between 
rogue and Sea Island. The first hybrid generation was uniform, 
and indistinguishable in appeearanco from Sea Island. It is 
therefore unnecessary to give details of the various crosses. It 
appears that the Sea Island characters are completely dominant 
over those of the rogue. 

THE F/2 generation. 

In the second generation segregation occurs into Sea Island 
and rogue. On the first classification tlie following number, 
were obtained : — 

173 Sea island, 

53 Rogue. 

Later, however, it was observed that one of the rogues 
was throwing off some, at least, of the rogue characters, and 
leaves of the normal colour appeared. The hypothesis which 
was developed to explain the relationship between rogue 
and Sea Island was that the rogue may be considered as a 
retrogressive mutation due to the loss of a single factor. 
Although the proportion of rogues is rather less than expectation, 
the number strongly suggests simple Mendelian segregation. 
The rogue plants, moreover, are very Wt ak in constitution and 
easily succumb in the seedling stage to the attack of the 
angular spot disease, or are destroyed by mole orickets. This 
may aboount.for the low number of rogues. The appearance of 
the abnormal type alluded to above renders farther work 
necessary before the hypothesis can be considered established, and 
the behaviour of its progeny will be watched closely. 
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WEST INDIAN COTTON CONPBRBNOB, 1916 . 

Contributions to the Discussu^ns i^rom >rAN(iiESTEK. 

In oontimiiition of the nccount of the Proceedings at the 
Cotton Conference held at 8t. Kirts last March, and pnhlished 
in the last nninher of the Wei<t i ddian Hid le tin (Vol. XV, 
No. 4, pp. 235-H29), two important Ici rers dated August 12 and 
S, respectively, have been received by the Iiuperinl (.’oniinissioner 
of Agriculture troni Pr. Jjawrence Balls and ^Ir. John W. 
McConnel, commenting on the proceedings. The results of 
Dr. Ijawrence Balls’s researches on tin* cotton plant in Egypt, and 
later on raw cotton at MamJiester, were fre(]nently alluded 
to during the Conference, and his vitevs on the mattei's discussed, 
piiblishecl below, are of much interest and importance. The 
remarks of Mr. J. \V. McConnel, as vice-(yhairnia.n of tlie Eine 
Spinners* and Doublers’ Association J^iniited. are e(|i*ally 
valuable, more particularly from the c<>nnnercial siaiidpoint. 
These letters are published in the form in which they W(U*o 
received, as they may be regardeti as continuations of the dis- 
cussions of the Conference. 

Dr. Balls writes as folIoAvs : - 

I have now read your Cotton Conferemte Beport, and have 
put together some notes on the matter of il. wliich I hope may 
he of use to you. It gives me great pleasure to (jomply with 
your request in this respect, espectially since the Conference in 
(juestion seems to me to he quite exceptionally useful, not only 
to the VV^est Indies, but also to workers on cotton elsewhere, and 
in its scope and treatment is a model wliich other countries 
might well copy. 

The first thing which occurs to riu' is, that if I were in the 
West Indies I should not feel (piite happy with tlie yields 
obtained. The competition of Egypt is slav^ed off for a few 
years, but natural cause.s must ultimately lead Egypt into 
supplying superfine cotton, . . . excelleiu 201^ lias already been 
spun from Egyptian-grown staple, . . . with yields of moi’e than 
300 Bt). of lint per acre. In <^act, I see no I'eason why the yield 
from such cotton, bred for the purpose, should bo any lower than 
the average Egyptian yields, which, as you know, cv<mi now 
average some 450 K). per acre, and will ultimately iuLceasc* to the 
old level of 550 lb. I am not in a position to compar e the cost of 
production in the two cases, but I have a feeling that the West 
Indies ought to be able to do better tlian at present, evem 
allowing for the small size of the Sea Island boll. 

The (question is, how to miprove matter's ? I take it that tho 
first step is to ascertain in what way the yield is built up under 
ordinary West Indian conditions, viz. number of flowers fornn^d, 
nuuiber of bolls held un-shed, weight of the boll contents, et(i., 
and to compare these data with one another inside the West 
Indies, and with my published data from Egypt. (‘Analyses of 
Agriculture Yield,* Parts I, II and III, P/n7. Trann. Hoy. Sue. 
191516.) The data given in the report appear to preclude 
limitation by manurial supply, just as our old ‘ unanalysod ’ 
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data did in Egypt ; yet I found very conspicuous and important 
manurial eftects after I had got behind the predominant water- 
table effect. 

My ideal arrangement of an Experiment Station would 
make the obtaining of data on such matters a piece of pure 
routine carried out by unskilled trained labourers (plant 
observers) and a computing clerk, with a minimum of supervision. 
The Station would consist of three units under a common 
scientist-chief, with an agriculturist as assistant and manager. 
The nucleus would be the laboratory, with not more than 5 
acres of land surrounding it, for all kinds of precision field- 
experiments, permanent plots if desired, and equipment for 
tackling at least elementary problems in chemistry, bacteriology, 
microscopy, physics, statistics, and instrument-making. Ad- 
jacent to the laboratory, and fed from it, would be the seed- 
station, of 50 acres or more, with stores and a power-gin, 
arranged chiefly to allow of meticulous care in handling the 
seed, and provided witli gauze cages. Controlled from the 
laboratory, but scattered all over the district, would be a number 
of Observation Stations, where voluntary helpers and trained 
plant-observers from the laboratory would take record daily on 
scattered groups of plants, sending their data to the laboratory 
to be collected and studied, to be summarized and published as 
crop reports, and to be used in preparing scientific forecasts of 
a non-subjective nature. You will note that these records would 
take the place of more extensive meteorological records (W, I, JS,, 
XV,, p. 263) ; instead of recording the weather, and— shall I say — 
guessing its possible effects on tlie crop, 1 would prefer to record 
the crop itself, and deduce the agricultural significance of the 
weather in that way. 

In sketching this ideal Experiment Station and its satellite 
observation points, I have wandered a little from the yield 
question, but the connexion is clear, I think. Given statistical 
data as to hov; the yield is built up not merely at the laboratory, 
but all over the district, on good laud and bad, it is very easy to 
see whether and where the gaps in the ‘ yield-curve * can be 
patched up. 

Such data also enable a very clear distinction to be drawn 
between the effects of constitution and of environment, i.e., of 
seed and of cultivation, At present, except in your own remarks, 
I did not find quite the clarity of distinction in the Report, which 
I should have liked to have seen. 

Again, variety testing is a very simple matter within such 
an organization. Observation rows of the new variety are 
intercalated amongst the observed plants at the outlaying 
stations, with due precautions as to ‘ scatter*, and in this way 
we can obtain very full and eminently trustworthy data from 
a dozen different places out of a single kilo of the new seed. That 
is an economy, as compared with tne breeding of many kilos of 
seed and the sowing of many acres a year or two later. 

My remaining remarks will, I hope, be more directly relevant 
to the Report itsdf, in dealing with seed-breeding topics. 

In the first place 1 should like to quote two rules, neither of 
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them my own, which I have come to regard as the Alpha and 
Omega of conduct in cotton investigations. One is ‘ Nevei- 
smooth any Curve.’ The other i.s ‘ Xever mix Seed.’ Thev are 
very good rules to hold hy until the last resort- in prohlem- 
solving, and they make for scientific precision in ecoiioniii: work. 
I gatlier, from Mr. Harland's work in particular, that the.se lailes 
are already obeyed in the West India's, hut they are worth 
recalling. 

[Mr. Balk then goes on to make a few reinai'ks in ivgard to 
the question of ‘ pure strains pointing out that his Egyptian 
pure strains w^ere pure, not merely in lint characters hut in every 
observable character. Jleference is made to statenuaits haviie>' 
reference to these strains in the E<jijpti(in Afjriciiltaral Journnl 
(Vol. V, Pts. 1 and 2.)]. Continuing he ssys : — 

However, in the case of all my pure strains it should he 
noted that they were bred and studied in the first instance niU 
for characters necessarily of economic importance, hiit in order 
to study the iluctuation of all kinds of odd reatures siu^h as the 
angle which lateral veins make with the mid lih of tlie leaf, the* 
ratio of the length of the .style and the column iu the flower 
and so on, (The Cotton Flnnt in Egi/pt.) 

Conse(|uently, when C(U*tain of them which prodiufcd sale- 
able-looking lint W(‘re brought into cultivation foj* trial, they 
were pui*e strains as regards commercial (characters <|uite imei- 
dentally, being pure strains in iv.spect of every featuri* whieh 
[could see, measure, or cstim.ito - even in respeett to the per- 
centage of salt (NaCl) whi(*h tiuy would tak(‘ up from the soil 
into their cell-sap. (Canihs Phil. Soc. Pimis. UNI) 

I believe that their sn(!(5e.ss and later evidence has shown 
tliat they were n.ost decidedly suc(^e.sses from tlie spinner’s 
standpoint at least — was due to this ostensibly absurd refinement. 
I would not like to assert that there is any c.liaractcu’istic of the 
plant whicdi niiglit not react by ‘autogenous llnctuati(»n ’ on 
the properties of the lint. Eor iii.stan(j;(\ Jiad J ev(;r found 
a plant of strain No. ‘310 wliic^h was holding its holls pro[)t‘rly 
near Cairo, or one of No. 77 which was iiol red, wuzfuied, and 
uidiappy in the northern Delta, 1 .slionld lia\e thrown that 
plant out of sight— keeping its seed for further study, Ix^ it said. 

In the same connexion I would advise very great care even 
to abstention, in the use of the word Mutation. A iimtation 
is the easiest thing in the world to a.ssurne, and about t! e hardest 
to prove. There has been too much loose thinkijig, prejudged 
opinion, and misconception in the econorr»i(! botany of cjottcm 
already, when a well-Riiown American made coiifnsioi* worse 
confounded by importing ‘mutation’ as the cquivalejjt of that 
blessed word Mesopotamia. 1 had hoped to obtain some positive 
Evidence from the propagation plots of my pun^ strains in Egypt, 
undoubtedly the finest material one could liave had. In IfiEl 
1 kept a very careful look-out, every plant being (ixamined in, 
e.g., a population of some 20,000 plants of No. 77 strain ; in 
spite of exaggerated care in handling the seed, soiric twenty 
rouges were found. These were mutations? Not at all. Fifteen 
of them were a couple of inches out of alignment with their 
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neighbours, and were therefore self-sown strfiiys, excepting 
a couple whicli had sprouted from old stumps. The remaining 
five were in their pro|)er places ; of tlieni one was an Asia Minor 
cotton, one seed of which had stuck inconspicuously and 
tightly in the corner of a canvas sack ; three more were traceable 
to known varieties by natural crossing because a workman was 
recorded as having damaged the gauze of the cage with his 
hoe one morning, and there was one plant left on which the 
verdict was ‘ not proven.’ One plant in twenty thousand. This 
plant may have been a mutant, and I hope to show that it was, 
but 1 am fairly sure that it was not. 

Certainly the chance of mutation should be strictly borne 
in mind, but, Ido not think tJiat it need spoil any cotton-breeder's 
sleep o* nights. There are so many other immediate sources of 
error. I found mice to be one ; they drag seed-cotton from one 
sack and then from another. 

The next matter which occurs to me is the paucity of 
methods available for studying cotton, 1 feel myself guilty in 
that 1 had not worked more of such methods before I left Egypt, 
but in extenuation 1 might plead that I had scarcely reached the 
lint of all having been busy with the root and stem. Also, I 
hope to provide some methods in the future. What is needed is 
a battery of scientific instruments, possibly not (piite cheap Imt 
absolutely reliable, which will give us the percentage of hairs 
of every longtli in a sample, classified in millimetre stages, the 
breaking strains of tlio hairs, and possibly some other data. 
Further, having oi)tained such data we must know how they 
bear on the spinning properties of the cotton. Lastly, the 
methods must not take too long to work ; if five to ten samples 
could bo handled in a day, I think they would be useful. 

I am sorry to see that the statistical investigation of your 
West Indian method for determining percentage of weak iibre 
is not encouraging, I had always thought that there were 
too many variables involved. I might suggest however, that 
a great deal of the high RE. in tliis method, as well of the 
lower P.E. in other determinations, is due to our habit of 
comparing incomparable things, to wit, bolls which ripen at 
different times. I began during my last year in Egypt a method 
by wliich any material destined to be used in stringent com- 
parisons was specially prepared in advance so as to eliminate 
this errror ; the plants were picked over clean, then left for 
not more than a week, and picked again, this latter picking 
being used for conipaidsous. It reduces the number of bolls 
available per plant to a very .small number, and increases the 
‘ boll- individuality * error thereby, but it at least insures that all 
the bolls have undergone similar experiences, even if they have 
fiot reacted in the same way to those exj^riences. You will 
see from the big diagrams in my • Raw Cotton * that a week 
is the longest period possibly allowable. 

The papers by Mr. Harland, and by Harland and Amie, 
pleased me very much. Their orltical analysis of the ‘ ribbon- 
width ’ measurement is most valuable, and I am glad that they 
left the paper as it was written (p. 289). Harland^s remarks on 
Mr, O, F. Cook’s discussion of ginning per cent,, are quite 
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justiried ; there is no necessary connexion between out-tiini :ui(i 
seed weight; (juite independently both Martin Leake and I have 
shown, one in genetics and the other in physiology, that the 
ginning per eent., is determined, f'onstitiitioiuilly or onvirnii- 
inentally, b}^ tlie number of hairs which sprout on sei‘d. 

Dr. Tenipany seems to have overlooked tlie fact that in 
‘•Raw Cotton’ 1 pointed out the ditlenaice l)t‘twi‘eu ahsol^^e 
values of measurements of lint ha ^tJi made hy my * halo 
inetliod ' and hy pulling, and that. I ^ave two pa^^tvs of com* 
parativc statistics in the appendix. A h‘n^th-soitcr such as 
I have already mentioned would iM'iidei* hoi h methods ol)snl(‘tr ; 
meanwhile, I am ^lad that you hav«^ found the halo ne-thod 
lelialile anil speedy. 

Von riehtly ])ointed but that 1 pi ai'tically disn't^ardi* I ihe 
ijuestion of the short- lint. Not that it is nnimpoiMant in 
for Sakel has ipiito a lot of it. 1 had to leave it with very scanl 
discussion hec^anse there was no method of measnrin;LC its am aint 
precisely. Conv(ns(‘ly J have not found nnn*li mention in th ‘ 
repo) t of the systematic variation, a ddiuilc couslit ni imial 
jnMndiarit.y, as oni* passiss round the sees) Irom tin* lintl hMiii 
the stalk, 

'riiis letter has i*nn out, to inordinate lenotli.bnt in conchisnm 
I should like yon t<» })(M’mil/ me to say that I am not ijui’c sure 
of t he niininino of the sc^htmie on pa^e .‘>2 ) wit h ri'^ard to lb‘p'*atcd 
Selection. '^I’here seeu;s to be a (‘onllict of ideas, possibly of t hir 
old and the new. 

If the ori;^inal strain i^liosen is a o-iuinim* pure strain, and has 
been strictly self-fertilized, selection is usi‘h\ss : to use slano, any 
old seed will do, plump or wizeneil, so lon^ as it will germinate, 
and it- (:an be trusted to carry on the stock unchanged as saft‘ly 
as salt can be trusted to sweeten one's (^hoUi Jidirt. If. ou tin* 
other luiiifl, tlie strain is not a purii one, no system of s(MMl-r(‘new;il 
should be risked. Seed-renewal from a central stock is danot*rons 
if that slock is not homogeneous and (onst.ant t.brouoli i;he years, 
because it may well liappcn — indeed, it must liappen, that in 
suceo.ssive years the renewal supply sent out will mil, always ’oc 
the same thiiif?. At the he-st it will contain varying pcrccula;^u‘s 
of the same thiiiej. and natural seleetioii wil* opi*rate on it witli 
varying effects in conseipnuiee. 

I am hopeful that the insight which 1 am acipiiring into the 
uses and vices of the raw material may enable me to he of sonn* 
direct use to my grower-colleagues of tlni [lasl and in tht* future, 
and 1 am very glad that the West Indh^s is in a position to utilize 
immediatdy and skilfully any such results. 

ySgd.) W. LAWREXCK BALLS. 

The following letter was received troni Mr. •). W. 
McConiiel : — 

The West Indian Bulletin (Vol. XV No. A) just received, is 
of ver}^ great interest. 1 had already read the shorter repm ts of 
the Colton Conferenoe in the Af/ricultural Neios, but this fuller 
account of the proceedings is much easier to follow, and suggests 
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many matters in regard to which I think some remarks from 
this side may be helpful to the fuller understanding of the 
subject. 

There are two things I shall not deal with, viz. the business 
relations suggested between the Fine Cotton Spinners’ and 
Doublers’ Association Limited and the growers, nor the purely 
scientific question about the respective place of heredity and 
environment in improving Cotton. 

In the first place, I must compliment you all on the ex- 
cellence of> the whole of the papers and discussions at the 
Conference. The general scheme of the Agenda could hardly 
have been improved, and what was said was not only useful in 
itself, but also suggestive for the right consideration of the 
subject. I only regret that I could not bo present myself, but 
I hope that in any future conference some of us may be able to 
take part. 

In what I have to say I will begin with some remarks on 
the kinds of cotton that are wanted by spinners. Your own 
remark on page 275 is perfectly correct. There are in the various 
islands satisfactory strains of cotton, and the primary aim of 
your scientific workers ought to be to retain and continue to 
reproduce these strains. It is important to distinguish between 
two separate kinds of scientific work. There is the search for 
improvement whether in breed of cotton or in method of cultiva- 
tion. That is the proper object of experiment work. But there 
is also the ever continuing necessity for maintaining a pure fount 
or origin for seed of the type or types which are for the time being 
adopted for use in general cultivation. This is stricily the work 
of the Seed Farm. It may be convenient to have Experiment 
Station and Seed Farm together under the same chief, but the 
two have different objects. We must have a starting point for 
experiment work, and the cotton that is now grown in the West 
Indies is satisfactory except for its waste and its ‘ nep ’. It will 
at any rate do to go on with. The thing that is absolutely 
iiecessary as the foundation of all improvement is to be able to 
purify, if necessary, the strains you have now, and to maintain 
them uncontarainated and unaltered. In this connexion I may 
say that almost the only thing said that I entirely disagree with 
is on page 273, where Mr. W. Nowell quoted the experience of 
Barbados as showing that seed from mixed types would give 
satisfactory lint. I do not think the best cotton growers in 
Barbados would accept this description of their ideals, and so far 
as it is the practice in Barbados, it may explain the great falling 
off there has been for many years in its production of cotton. 
Certainly everything seems to show that uniformity is the most 
important characteristic in cotton, and that uniformity is 
impossible except from pure strains.* 


* * Lint satisfactory to the Spinner ’ was the phrase used ; his satisfaction 
being gauged by the price he was wiUing to pay, which, until very recently at 
any rote, equalled that paid where much more careful methods were applied 
in obtaining the seed actually usedTor the crop. W.N. 



How many types or strains are wanted by spinners ? This 
is an impossible ijuestion to answer at present beeaiise wo cannot 
dehiie what is meant by a type. Tliere is a veiy wide range of 
counts spun from West Indian Cotton. I suppose you all under- 
stand that by . ‘ counts ’ is meant the number of hanks of 
840 yards each that weigh 1 The ordiii/iry range of eoiiiits 

spun in Great Britain is from, say. 10=' to 200^ . . For this 
American Egyptian and Sea Island C ottons are used. But the 
range for which West Indian t.-otton is used starts at, say, 
120‘‘ and reaches up to 350** , UKb or even liner. Thus it is 
obvious that there must he room for a good many degr es of 
what we call ‘ Fineness ’ in the cotton itself. Tlic speakers 
at the Conference seem to imply that thei*e are only two 
types, viz. the ordinaiy and the superline St. Vincent. In 
practice, from the spinner s point of view, thtu*o must be many 
more classes than this ; though how far these dilferent classes 
are the result of different parentage, and hov^ far they (jome 
from different soils, and how far the cotton of the same parentage 
grown on the same soil varies from oub sejison to another, it 
is beyond me to say. 

The practical thing to be done is to go on for the present 
as we are doing ; you on your part to purify your strains, and 
to make certain of keeping them pure ; we. on the other hand, 
to elaborate our testing arrangements ; and both to work for 
the common end of knowing exactly what is wanted and being 
able to grow it. 

Improvement will come witli time. Hut it is important to 
remember in what improvement really consists, lleferences «re 
made to cottons which realized higher prices than usual. (See 
p. 271 for St, Vincent, p. 272 for St. Kitts, and on page 2G7 
Montserrat trying to find a higher priced cotton.) These may 
or may not be real improvements. The first consideration to 
iny mind for the grower is the average value per acre : 300 lb. 
at 14d. is better tlian 120 lb. at 20(/. This consideration is 
important also in the interest of the spinners. And again you 
must remember one '^mall but very important point, viz., that 
some special lot of cotton might command a high price because 
of its extra length and fineness, and yet if it were grown on 
a larger area the extra qupmtity miglit be in excess f)f the 
demand for yarns so fine, and then the market price would fall. 
Two buyers to one seller make a high price, two sellers to one 
buyer make it low. In regard to an article of such exceptional 
character as the finest types of West Indian cotton, proper 
regulation of the quantity required at any time can only be 
obtained by systematic consultation between spinners and 
growers, and we must make it our business to find some plan 
by which this can be done on terms wliich are fair to both. 

What then is meant by improvement? Well first, there 
is the removal, partially or entirely, of known defects, both those 
due to seed and those" due to circumstances. The great merit 
of West Indian cotton has always been its strength, that is 
not only is the yarn made from it strong, hut the fibres when 
handled do not readily tear. And yet the great defect of West 
Indian cotton has always been that more tlian any other fine 
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<;otton in general use, it makes ‘neps’. You and Dr. Tempany 
have told me in the past that these ‘ neps * are largely derived 
from the hairs grown near the raphe of the seed. Whatever 
the cause is, here is a definite thing for Experiment Workers 
to cure. 

Then as time goes on they will gradually find — partly by 
improved cultivation, partly by more- complete avoidance of 
pests, and partly perhaps by better strains of cotton— how to 
increase the production per acre without decreasing the spinning 
quality of the t 3 ^pe. 

Whether the spinning quality of any type can be also 
improved with time is a more complex question, because it 
depends not only on whether the grower can do it without a dis- 
proportionate decrease in (|iiantity, but also because it depends 
on whether the spinner wants an improvement. The spinner's 
ideal would be that perfect cotton should be grown of varying 
<legrees of what we call Finene'js sf) that all counts of yarns 
from the coarsest to the finest would be equally good. And he 
would, in an ideal world. expe(;t tlie quantities of eacli class 
to be proportionate to the (piantity of yarn required of eacli. 
And again the price, ideally, should ruu in regular seijnence 
comparable t(» the increasing ‘ Fineness ' of the cotton. The 
Ideal can never be reached, but human effort should always 
be directed towards its attainment ; and the liope of the future 
in regard to this particular little part of the cotton trade is 
that ihe growers of West Indian cotton .should work in close 
CO operation with the few spinners who can ii.se it. And in 
this way, as time goes on, the spinners will be able to explain 
to the l!]xperiment workers what degree of greater ‘ Fineness * 
will be advisable. Or it may be the other way ; it may some- 
times lie possible to point out that a cotton of le.ss ‘ h'ineness ’ 
can be used on a coiisiderabe scale if it can be produced more 
proliHcally and consequently at a lower price. 

And this brings me to the question of practical mill tests. 
And in regard to these I should like to say that at any rate for 
the present I do not contemplate that Jiiill tests will take the 
place of judgment by touch in buying and selling. This (juestioii 
is asked on page 292. One reason for this is that brokers and 
merchants know jiothing about mill tests. For the present 
the real value of mill tests is that they enable us to tell Experi- 
ment Workers something of a definite character instead of 
giving a mere opinion, and what the mill test says to-day will 
in a year or two be the opinion of those who judge by touch. 

You may take it for granted that the Fine Spinners' 
Association will co operate to the utmost of its power in this 
matter of mill tests. But there are one or two qualifications 
to be named. First the time and attention required for a test, 
and the interruption of the ordinary mill routine are much 

f reater in a Sea Island Mill than in others. Therefore w^ 
o not want to have an unnecesaaiy number of samples. 
Secondly, I think we may fairly ask for very full information 
to be given us as to what is aimed at in any particular sample. 
In reading the Bulletin^ I have marked many places where 
I should like to have had samples f or trial. St. Kitts No. M2 S 
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on page 2(54, Montserrat cotton pp. 267. 2l5S, 8b. Vincent pp 270; 
271 and others. But ibis very likely that I have actually had 
these samples to test without knowing what they were Apart 
from the fact that we take a natural interest in the matter, 
1 am sure our judgment will he much more useful if we are 
given full information. A cotton may he very useful m a lower 
range of counts, even if nob ‘ Fine enough for a higher. And 
certainly all the assistance Dr. Lawrcm-e Balls will he able to 
give in this matter will l)e much greater if full information is 
given. 

There is a detinito )-esolutien on page 203 asking the Fine 
Spinners' Association to furnish detailed information <>f tin* 
behaviour in tlie mills of partieiilar niai*ks of (iotton. 'Phis it is 
hardly possible to do in conne.xion with the ordinary working 
lip of the cotton, for it is very seldom that one particular lot is 
used entirely by itself. But 1 think we could ad(l to our special 
tests of experimental samples a limited nnmlicr of samples of 
actual commercial crop.s. And indee^l to d(; something of this 
kind might make our reports on experijuental samples more 
intelligible and useful. Suppose for inabaiice, Montseri’at has 
a particular variety in the experiment station whicdi is hoped to 
he an irnprov'ement on one side of the island, it would make our 
report much more definite if wt* had at the same tiinci a samplt* 
of wliat was locally ( 3 on 8 idered to he one of the best crops of the 
existing type of cotton. 

(Sgd.) W. M.CJONNKL. 

Vicc-CIiairriian, 

Fine Cotton Spinners' A 

Doiililers’ A.s.s()(?iation Limilt^d. 
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NOTE ON THE RECOVERY OP SUGAR AT 
OUNTHORPES FACTORY, ANTIGUA, 
1905 - 16 . 

BY SIR FRANCIS WATTS. K.C.M.C., D.St . F.C.S., 

Imperial Coinuiissioner of Agi ionltiirt* for tlio West Indies. 

The completion of in.iimfat i ure of the sugar crops of 
twelve seasons by Gunlhorpes Facitoiy. Anligiui, provides an 
interesting collection ni data frcmi whioli inuy l)e gathered the 
average composition of ilie canes dealt with in oacli season, and 
the efficiency of tlie factory in handlhig them. Tlieso data are of 
the greater interest, seeing th.U. t!i(»y liavo i-ohu’cnce to a factory 
in successive stages of dcvclo[)ni(‘iit, and so afford valuable 
information as to the efficiency ol diffcnnit forms of equipment, 
and of the value of the additions arid improvements that have 
been made. ' 

The average composition of lire ennes supplied to the factory 
in each year from 1905 to 191i> is st.acd iji the annexed table, 
regard being bad to the content of sucrose and fibre. 


* A review by the ftame author, (»t ten y oats’ work of tlie tiuntborpes 
Factory (1005-15) ap} 3 eared in the present Juunuil. Vol. XV, No. 2. An ncoount 
of the origin and early stages of the iiifKnry's progrtiss vv 7 i.s given in V'ol. VI, 
p. tW), and this was supplemented by .some afcount of the first three years* 
working, by a further article in Vol. 1\, p 7il. 
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COMPOSITION PKB 100 PARTS CANE. 


Year. 

Fibre. 

Sucrose. 

1906 

15-1 

15-3 

1906 , 

152 

141 

1907 

151 

14-4 

1908 

15-2 

14*3 

1909 

156 

14 2 

1910 

15'9 

14-7 

1911 

1 

I 158 

141 

1912 

1 17-5 

' 14-2 

1913 

17-7 

i 12 9 

1914 

16-6 

13-5 

1915 

16-9 

12-0 

1916 

162 

12-5 


The estimation of the fibre content of the canes supplied 
to a factory presents peculiar difficulties ; it is impossible to 
obtain samples that will correctly represent the whole ; con- 
sequently it is felt that information based on the analysis of 
samples/ however carefully obtained, is of little value. At 
Ounthorpes the amount of water used for maceration is not 
directly measured, consequently the formula, Megass = Weight 
of Cane + Weight of Water -Weight of Juice, cannot be used. 
After consider^le discussion with the chemist of the factory, it 
has been decided to use the following formula 


Fibre in Cane = 


1 0 0 - Crushing x 100 

128 + juice per 100 fibre in megass. 


This formula appears to be the best that can be found to 
meet the conditions ; it is readily applied, it deals with the whole 
of the material going through the nulls, and is believed to 
4MEioeedant and useful results. It appears to ghrermoiie aaMUe 
tnformation than can be obtained by the aa aly o eB acf murngkcB 
of canes. It has, hovrever, the defect ofbeuig aSboted by«By 
loss in weight by drying that the canes may experience between 
the time that they are weighed and the time that they are 
crushed, in consequence of which the fibie may be slightly over- 
estimate. This aspect of the case is being investigate^ 


Inspection of the table shows that the amount of fibre in 
the canes dealt with has been unusually large; it has shown 
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a tendency to increase in later years : at first it was thought 
that the increase in the ainonnt of lilire was lar‘];oly due to dry 
seasons, but this explanation does not appear to hold good, seeing 
that very high fibre contents are met with in ID 1 5 and 1916, 
years in which there was a good rainfall. 

When one turns to the figures relating to t he sueroae content, 
another feature appears which calls for < )miuent and investiga- 
tion ; it is seen that the sncrase content if thi‘ e.uio lias steadily 
fallen off ; in 1905 it was 15*3 per and in t lie period from 

1905 to 19l2 it ranged from t l*l to 117 per cent., while from 
1913 onwards it has only once (1911) risen heyond Id per cent. 

At present no adequate explanation of this variation is 
forthcoming ; the matter is one whicli ro(|nirts eai<‘l‘nl investiga- 
tion. That it deserves considoiation will he leciogni/ed when it is 
stated that a difference of one per <*ent. in snerose content, such 
as between 13*5 and 14‘5, would mean an inci'i*ase in output of 
little short of 1,(100 tons of sugar from a I'act n y making about 

14.000 tons of sugar, a point not far beyond the capacity of the 
factory in (question. Roughly it may he said tha^ such an increase 
in sucrose content would mean a pos.sihility of increased gain of 
about £1 per ton of sugar proihieed by the factory, taking the 
value of sugar at about £11 per ton, or a gain of £1,000 on each 

1.000 tons of factory output. 

It was thought that po>.sibly (ho falling oft might be 
accounted for by tlie uiiduo prolongat ion of the grinding season, 
but an examination of the records, while sliowing that this has 
some influence, leads to the ci.nclnsion that the circumstances 
are not thus fully accounted for, and that llien^ is a falling off of 
the sucrose content of the canes » vim in the belter part of the 
seasons. It is possible that in <lrv s(‘asonH the siieroso content of 
the cane is increased even more than the lihn^ content, and that 
in seasons and places of heavy rainrall llui canes eontaiii smaller 
amounts of sucrose ; hut even hi‘i*e we an* I'acid with the fact that 
the years 1909, 1911, 1912 iind 1913 were years of Hying drought 
but of relatively low sueroie in tin* eancs. 

It is hoped that these <|iu\sl-ions will he investigated and that 
it may be possible at a later date to throw further light upon 
them. 

The following table showing how the* sucrose in the cane 
has been distributed in the pro<!c.sH of milling and manufacture 
has been compiled from tlie records of tlie factory : — 



DISTBIBUTION IN MILLING AND MANUFAGTpRS OP SUCR088 IN, 
CANE PER 100 SUCROSE ’ IN CANE. 


Year. 

Sucrose 

in 

megas^. 

Sucrose j Sucrose in 
in juice. 1 molasses 
(Indi- jandlostin 
cated 1 inanufac- 
sucrose.) ' ture. 

Sucrose 
in sugar 
sold. 

Commercial sugar 
sold per 100 sucrose 
in cane. 

1905 

17-9 

821 

17-4 

61-7 

67-4] 

6 roller mill 

1906 

204 

TOO 

150 

04-6 

67-5 ] 


1907 

15-6 

84-4 

150 

69-4 

72-2 


1908 

15 0 

85-0 

113 

73-7 

76-7 

8-roller mill 

1909 

14-6 

85-4 

12-9 

i 

75-4 


1910 

14-7 

85*3 

12*1 

1 

1 73-2 

761 


l!‘ll 

14-6 

85*4 

17*8 

1 67-6 

70-1 


1912 

1.3-8 

80*2 

15 2 

i 71-0 

i 

78-9 

1 


1913 

8-9 

01 1 

13*5 

I 77-6 

i 80.0 

14-roller mill 

1914 

9-4 

9(j*t) 

12*3 

I 78-3 

1 81-7 


1915 

8-7 

91*3 

8*7 

82-6 

i 85-8 


1916 

7-8 

92*2 

7-7 

84-5 

i 88-0, 

1 



The information is also given in graphic form in the ann^ed 
diagram, from which 1 he significance of the facts can he more 
readily appreciated. 
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tJUNmORPSS FACr.)RY, ANTIGUA.* 


Distribution in milling and m.miifaetiiio of suoro.se in canes. 



/. 90 S iv '0/ '08 'og '/g V /U '/g- '/s k y«ari.' 

Yuai.*i, 

The line A in the diagram indicates the total sucrose in the 
canes of each year : the curve B indicates by its distance from 
A the amount of sucrose left in the inegass. The curve 
B measuring from the bottom of the diagram, shows the propor 
tiou of sucrose extracted in the juice —the ‘ indicated sucrose ’ of 
sugar chemists. The curve C gives the proportion of sucrose 
recovered and sold as sugar, while the space between the curves 
B and G indicates the proportio:^ of sucro.se in the molasses and 
lost in manufacture. 

Consideration may Hrst be given to the work of the mills. 

In the first two years it is seen that 18 to 20 per cent, of the 
sucrose in the cane was lost in the megass, white in the last four 
years this loss is reduced to less than half. 


* In the reproduction of the dUgram chs spacd from 40 down to 0 htis been 
omitted. In judging by the eye. it mu^t bo borne in mind that the real base 
el the diegrem is 40 divtsiotis beloir the ba«(e as at present dranrn. 


Scale 01 apt ruxiujute oa 1,000 tons sucrose ( =88.'> tons* 90* sugar), 

when -•‘Uga’* is w'Ortb JC13 ll«. Od. per ton. 
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It is to be observed that the work of the first two years wa^ 
done by means of a 6-roller rnilL; in the third year a Krajewski 
cane crusher was added, making the mill an 8-roller one. This 
pondition continued until 1911 when six more rollers were added, 
converting the mill into a 14-roller train. 

The work of the 8 roller train resulted in megass carrying 
away a little under 14 per cent, of the sucrose in the cane, the 
work being very uniform. 

j The operation of the 11-roller mill in 1911 appears to have 
ieffected no improvement over the work of the 8-roller mill, but 
the factory records show that this year was a trying one on 
account of drought, and that little water Wfis available for pur- 
poses of maceration : during this season tlie^ work of the factory 
was carried on with much ditliculty. In the succeeding year the 
mill work improved slightly but was still unsatisfactory. This 
also was a 3’ear of drought, though more water was available for 
maceration than was possible in the previous year. 

In 1913 the mills were efllcieiitly worked notwithstanding the 
fact that the season was also one of serious drought : the sucrose 
lost in the megass was now brought down to less than 9 per 
cent, of that in the cane. In the following year it was 9*4 per 
cent., and was 8*7 and 7*8, respectively, in the last two years of 
the factory’s working. 

These last four ^^ears reveal creditable work when it is 
remembered that tlie canes dealt with contain some 16 to 17 per 
cent, of fibre. 

The diagram shows at a glance the limited scope that exists 
for further improvement in milling, not that it is held that 
further improvement is not to be attempted, but it shows that 
further gains can only be relatively small ; they are likely to be 
somewhat costly and troublesome, and it is evident that if they 
are to be attempted, it must be ae the outcome of careful calcu- 
lation and planning. Haphazard or rule-of-thumb work is likely 
to be far from prolitable in this field. 

The diagram may be used for purposes of ready approximate 
calculation of the monetar}'^ values of the quantities dealt with. 
A scale is drawn on tlie riglit-hani margin for this purpose : it 
has reference to a hypothetical factory receiving 1,000 tons of 
sucrose in its canes, and turning out about 885 tons of commercial 
sugar from them. On this is, when sugar is selling at 
£13 ll8. Oci. per ton, 10 per cent, of the factory output, i.e., 10 per 
cent, on the diagram, is worth £1,200, or 1 per cent, is worth £120. 
These and other values can be readily measured oflf on the 
diagram by means of dividers. 

In the case of a factory receiving 10,000 tons of sucrose and 
turning out about 8,850 tons of sugar, the values for division 
would be tenfold those stated above. 

Regarded in this way, we see that the difference between the 
8 roller and the 14-roller mills may be taken at rather over 5 per 
cent., so that in a small, 885-ton factory, the gain from the 
14 roller mill would be some £600, or in i^n 8,850-ton factory, 
a gain of £6,000. At Gunthorpes with an output of 12,000 tons, 
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the gain would ba about £3,100, with soiling at £13 Ua. Oci. 
per ton. The value of good milling is thus abiuiflaiitly clear. 

It may be noted that the value of the sugar lost in the 
megass even from the 14-roller mill is .•ip[)roximately £1,000 for 
the 885-ton factory, or £10,000 for an 8,850-ton factory. Tins seems 
to indicate that the economical limit of crushing may perhaps nob 
yet have been reached. 

These figures and the general as[)eci of lli(‘ diagram plainly 
show the overwhelming importance of good milling. 

Much interest attaches to the curves B and 0, tlie space 
between which measures the ofli(ucii(*y of. the factory work 
subsequent to the mills. 

In the first three years of the factory’s existence about 15 
per cent, of the sucrose in tlie cane remained uiirecovered in the 
molasses or was lost in manufacture, lii the foiirch, fifth and 
sixth years this was somewhat rediu^ed, and was in the neigh- 
bourhood of 12 or 13 p^r cent. In 1911, however, there was a 
marked falling off in the recovery, the uiuvcovored sucrose 
amounting to 17*8 per cent, of the sucrose in the cane. In the 
next year (1912), the loss was reduced to 15*2 {) 0 r cent., and in 
the following year (1913). to a little over 13 5 per cent. 

In the last three years tli? unrecovered sugar has been 
progressively diminished, the figures being as follows : 1914, 12'3 
i;>er cent. ; 1915, 8*7 per cent. ; and 1910, 7*7 per cent. 

It is instructive to consider the monetary values represented 
by these figure.®*. Taking the recoveries of the early period 1908, 
l}l09 and 1910. when the unrecovered sucrose was al)unt 12 per 
cent,, and comparing them with tlie two last years when, on the 
average, only some 8 2 remained unrecovered, we have a gain in 
recovery of 3*8 per cent. On the basis of t he monetary scale 
above referred to, this represent.s a gain of £450 in a factory 
producing 88o tons of sugar, or £4,500 in an 8,850-ton factory. 
At Guntliorpes, making 12,000 tons, the monetary gain is 
equivalent to £0,100, 

During the years of poor recovery tlic canes were of inferi- 
or quality and the juice was, in coiisecjneiice, difliculb to work. 
In recent years the equipment of the factory has been improved, 
both as regards appliances and technical skill, with results that 
are satisfactory. 

It is important to note that whereas in the early history of 
the factory some 65 per cent, only of the .sucrose in the canes 
found its way to market as commercial sugar, in the last year 
the figure reached 81*5 per cent.— -an increase of 19'5 per cent. 
Had Ountborpes factory remibied in tlie condition in which it 
was first erected, there would have b^en lost last year sugar to 
the value of £30,370 on a crop of 12,000 tons, at £13 11s. OrZ. per 
ton. This does not imply that by the recovery of the additional 
amount of sugar the whole £30,370 was gain to the factory ; only 
part of this is profit, for there is expense entailed in extra 
machinery and extra cost in working to ensure the higher re- 
covery ; but even allowing for this, there remains a substantial 
margin of profit. 
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Consideration of facts and figures such as these enables one 
to form a clear idea of the possibilities and requirements of the 
spgar industry as. regards the manufacturing side. It is obvlotife 
that with the aid of high scientific and technical skill, it is possible 
to recover a very large proportion, of the sugar in the cane thAt 
was formerly lost, and tliat some further improvements are 
conceivably possible, though this will only be at the expense of 
knowledge and skill. 

It is also obvious that ill-equipped factories may fall very 
short in their recovery of sugar, so that, should a time of low 
prices and keen competition again arrive, as is almost certain to 
be the case, suoli ill-equipped factories may find their businesses 
unprofitable. 

Such considerations enforce the arguments for the provision 
of a supply of highly trained, skilful cliemists and sugar tech- 
nologists, and they point to the fact that while every effort may 
legitimately be made to protect the sugar industry from unfair 
competition such as it has for years e.’cperienced, it will be unwise 
not to use every effor*t to ensure as perfect working of the 
factories as knowledge permits, for it is clear that large gains 
lie in that direction. 

The aspects of the modern sugar factory thus set out lead 
to a consideration of the manner in which the return of sugar 
has been estimated by West Indian Sugar Growers within recent 
memory, and the changes that have taken place therein. 

Not very long ago it was the custom to report the output 
of sugar in terms of the number of hogsheads made on each estate, 
and then in terms of hogsheads per acre. The hogshead being 
a somewhat vague quantity, the statements were subsequently 
made in terms of tons. In this way the operations of the field 
and factory were not separated ; there was thus little opportunity 
of judging as to the relative efficiency of field and factory. 

With the advent of central sugar factories it became 
necessary to weigh the canes, whereupon a separation of the 
returns of field and factory became possible, and planters are 
able to report the tons of canes reaped per acre— a practice which 
is calculated to reflect favourably on their work. 

At tlie same time the factories put forward statements as 
to the number of tons taken to make a ton of sugar. It will 
readily be seen, however, tliat this cannot he the final stage, but 
that m the near future it will be necessary to state the per- 
centage of sugar recovered from the sugar existing in the canes, 
and to show how this has been extracted by the mills and 
recovered in the factory. The mere statement of tons of cane 
per ton of sugar may be quite misleading as to the efficiency of 
the factory, for a relatively inefficient factory, working with rich 
canes, may take less tons of canes per ton of sugar than a very 
efficient one working with poor canes. The following hypotheti- 
cal cases which are well within the limits of possible happenings 
may be jnstnictive. 

We may compare two factories. We may imagine the first 
one as dealing with canes containing 14*7 per cent, of sucroee and 
recovering 77 per cent, of this sucrose in the" sugar marketed. 



This result- might be obtained by a recovery in the juice of 86 per 
cent, of the sucrose of the cane, which would be good work for 
an 8-roller mill, followed by a recovery of 89*54 on the indicated 
sucrose. The hnal result would be that this factory would 
recover 11*32 per cent, of the weight of cane as sucrose, or 11*79 
per cent, as 96^ sugar. This is equivalent to making 1 ton 6f 
96'* sugar from 8*48 tons of canes. 

The other factory might deal with canes containing 13*0 
per cent, of sucrose and recover 83 per cent, of this in the supar 
sold. This work might be attained by a recovery by the niilT of 
92 per cent, of the sucrose in the cane, and the recovery of 90*2 
per cent, of this in manufacture. This would result in the 
i*ecovery of 10*79 per cent, of sucrose per 100 of cane, or 11*24 
per cent, of 96'’ sugar, so that 1 ton of 96"* sugar would be made 
from 8*9 tons of cane. 

It might appear, if regard is had only to the quantity of 
cane taken to make a ton of sugar, that the factory last referied 
to is doing the poorer work, seeing that it takes 0*42 ton of cane 
over what the Hrst factory takes to make a ton of sugar. 

When, however, the relative ({uaritities of sucrose in the 
canes dealt with are taken into account, it is seen that the 
recovery on this second factory is better than that of the first 
by 7*9 per cent. That is to say, if the first factory turned out 
1,000 tons of sugar, the second factory from the same canes would 
make 1,079 tons of sugar : if sugar is worth £14 a ton, the gain 
due to the better working of the second factory wutild be £1,106, 
or the hrst factory may be regarded as losing that amount, 
which is over 22«. per ton of sugar ; though it must not he 
forgotten that the first factory may do its work more cheaply, 
so that the loss may be somewhat less than stated. 

The point to note is, that should there be keen competition 
in sugar production, and low prices, the second factory might 
make a profit at a point where the first might make a loss. 
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THB IDENTITY OP PIBRE-AGAVES. " 

BY PBOF. LYSTBR H. DEWEY. 

WITH A KEY TO SISALANAE IN THE 
WEST INDIES. 

(BY WILLIAM TKELBASB.) 

The literature of Agaves contains many incorrect statements 
regarding the identity of species. Many botanists who have 
written about Agaves, have studied only dry herbatium, 
specimens, or dwarf and imperfect plants cultivated in a green- 
house (under glass). This has resulted in much confusion. If it 
were merely a question of diflFerenoe of opinion as to the correct 
name, it would be of no importance except to botanists. But it 
is of much greater importance to the planter. The different 
species of Agaves are ad tpted to different conditions of soil and 
climate, and they are also different in i^ize, quality of fibre, length 
of life, and in other important economic characters. It is there- 
fore well that the identity of tlie plants be known. 

The following species ai*e the principal ones producing 
commercial fibres, together with synonyms and references to 
other names which are confused with f bre-produoing plants : — 

1 AGAVE FOUHCROYDES, bemaire. 

Heneqmn (Spai ish name). 

Sacci (Maya Indian name). 

Wei^se Sisal (German). 

Synonyms : Agave vigida eIo)igata. 

Agave elongata. 

Agave ixtle. 

Agave rigidia loy,gifolia. 

Native in Yucatan, Mexico; cultivated in Yucatan, 
Campeche, Chiapur, Tamaulipas and Sinaloa, Mexico ; also in 
Cuba, and recently introduced into German East Africa. 

It is the only species cultivated in Yucatan for the pro- 
duction of fibre for export. In Yucatan, Cuba and elsewhere in 
Spanish America the name ' henequen (pronounced hen-^-ken) is 
used to designate the plant and also the fibre. In the markets 
of America and Europe the fibre is usually called ' Sisal * or 
* Yucatan Sisal’. It constitutes more than 90 per cent, of the 
sisal fibre of commerce. 

Description. 

PLANT. Propagated from suckers, bulbils or seed. Suckers 

1. H^rodiioed by permisaioii of Professor Lyster H. Devrev, from Ysrslsg 
van het veseloongres geboudeii te Soerabsia ran 8 tot 8 Jali, I9iL 
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are used in practice. Life tea to twenty-five years, develop as 
trunk O o in, hi^ifh and 25 to 35 c.m. thick. 

LEAVES. Always glaucous (gray-bluo), straight and rigid. 
1 t6 2 in. long, 10 to 15 c ni. wide at middle. 6 to 8 c.m. wido^ and 
5 to 7 c.m. thick (vertically) at the narrow part near the base. 
Vertical thickness almost equal to horizont.il width at base. 

MARQIKAL SPINES always present, 3 to 4 mm. long, curved 
with points ifowtitrard. Terminal spine about 30 mm. long. 

FLOWER srALK 4 to 8 mm. high, with rather stout horizontal 
branches, bearing at the slightly upeurve 1 ends, dense clusters 
of flowe"s about 0 cm. long, followed by ser>l or bulbils. 

CONDITIONS OF GROWTH. Henequeii will grow well only in a 
warm dry climate and in a loose well-drained limestone soil. 
Under gocnl conditions leaves produce 4 to 5 per cent, clean dry 
fibre. 


2. AGAVE SISALANA, Vernne. 

jSV.su/, Originally Spanish port of shipment. 

, Va,rn\ Maya Indian nai le. 

Grttn S‘8aL Oennan. 

IJene(/i(C)it verde Spanish. 

Synon} ms : Ay a re riyidd 

Native in Central America, Camptvilio, and probably 
Yncataii. Cultivated on a small scale 1) natives for fibre for 
domestic m e in Central America and sOi.thern Mexico, but in 
Yucatan net for fibre for export. 

Introduced and naturalized in Flora a, but not cultivated 
there. 

Cultivj ted commercially in the Baham.* s, Turks and Caicos 
Islands, Hj‘ waii, Java, German East Afrh i, Bengal, and Indo- 
China. Me re widely distributed than any other fibre-producing 
Agave. TJie name ‘ Sisal ’ is better tlu n ‘ Sisal hemp * to 
designate t.iis plant. 

Uescbiption. 

PLANT. Propagated b/ suckers or b ilbils. Suckers are 
preferred, h it butbirs are more easily transported. 

Life fi\'3 to ten years ; ’aroly develops a well-defined trunk 

LEAVES. Dark green slight!} glaucous, straight hut less 
rigid than . L fourcrotfdeH^ 1 to 1’75 m. long, 8 to 14 c.m. wide at 
middle, 6 t > 8 c.m. wide ai d 2 to 4 c.m. thick (vertically) at Ihe 
narrow part near the base, vertical thickness at this point 
always much less than width. 

MARGINAL SPINES. Uibually none ; sometimes .small, curved 
marginal spines pointing downward. Terminal spine slender, 
25 to 28 mni. long. 



FLOWKK STALK. 4 to 8 m. high with slender branches 
projecting upward, than in A. /(nircroydes ; flowers about 
b o.m. long followed by bulbils, by seedpods^ so far as 

reported. 

CONDITIONS OF GBOWTH. Sisal grows best in a well-drained 
limestone soil, and in a dry climate, but it will endure a wider 
range, of conditions than Mnequen. 

lender gopd conditions leaves produce about per cent. 
cleAn di*y fibre, whiter and stronger than henequen. 


3. AGA VE CANTALA, Boxburgh. 

Nanas Sabrang (Java). 

Matiila Maguey (Philippines). 

Synonyms : Agave cantula. 


{u a typographical error, which has been copied by many 
authors, it was spelled Cantala in the original description by 
Boxburgh.) 


Agave vivipara* 

Agave rigida elongata\ . j 
Agave efongata j ^ *^^va. 


Introduced into Philippines, India, and probably Netherlands 
East Indies in early Spanish times. Not known in native wild 
condition in America. 

Cultivated in Java, Philippines, and to limited extent in 
British India. 


Description. 

PLANT. Frcmagated from suckers or bulbils. Seed pods 
not reported. Does not develop a well-defined trunk. Life 
five to ten years. 

LEAVES. Glaucous, usually straight and ascending, but less 
rigid than in A, fourcroydee and sometimes slightly curved ; 1*5 
to 2 long, 8 to 14 o.m. wide at middle, 6 to 8 am. wide and 
3 to 5 c.m. thick at the thick narrow part near the base. 

MAKQINAL SPINES. 3 to 4 mm. long, hooked or curved, 
pointing upwards. Twminal spine 1 to 2 c.m. long. 

FLOWER STALKS. 4 to 7 m. high, slender, flowers about 
7 c.m. long, followed by bulbils. Seed p<^s not reported. 

CONDITIONS OF GBOWTH. Manila Maguey grows well in 
Iq^m soil euad even in sandy soil, and enures moisture tetter 
thsui either sisal or henequem 

Finer fibre and more flexible than henequen. 
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4. AGAVE FUNKIANA. 

Jauniave hchugullla, 

Jattmave Mle fiber, 

Tampico fiber. 

Synonyms : Agavelieteracantha, 

Agave Ktrchoerii, 

Native in Jaumave valley in the State of Taniaulipaa, 
Mexico. Not cultivated, and very rai'ely introduced outside of 
its limited native locality. 


DESGRIPTCON. 


PLANT. With no trunk, length of life not known. 

LEAVES. Straight, rigid, green, with often yellow stripe, 
1 to 2 o.m. long, wide from base to point on face of leaf, 0*5 to 
1 in. long, 4 to 0 c.in. wide, not narrowed at base. Continuous, 
hard border of leaf bearing spines hooked downward. 

FLOWER STALK. 2 to 4 m. high, with slender spike of 
flowers followed by seed pods, no bulbils. 

5. AGAVE LECHEGUILLA, Torrey. 

Lechuguilla, 

Ttfla irtle. Fiber. 

Tampico fiber. 

Aoff?.— The specific name is spelled with e as in original 
description, but the common name used in Mexico is spelled with 
u and pronounced lech xT ge-yah). 

Native on high tablelands of Me.xieo from State of San 
Jniis Potosi, northward to Texas. Not cultivated. Occasionally 
introduced into lK)tauical gardens. 

Description. 

PLANT. Without trunk, length of life not known. 

LEAVES. Rigid, nearly always curved to one-side, dark 
green, often with light strip on face. Strong marginal spines on 
continuous homy border of leaf hooked downward. 

FLOWER STALK. 2 to 3 m. high with slender spi^e of flowers 
followed by seed pods. 

Fibre called • tu!a ixtle ’ or ‘ istle ’ or * Tampico’, is cleaned by 
hand from central buds or cagallos. 

6, AGAVE ZAPUPE, Trelease. 

Zapupe azuL 

Zapupe de Estopier. 

Probably native in Eastern Mexico. Cultivated most 
extensively in valley of Tuxpam River, in the State of Vera Cruz, 
Mexico, Rarely introduced, elsewhere. 
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Discbimion. 

« 

PLANT. Propagated by suckera or by bulbils. Very similar 
in general appearance to Agave cantala, Tength of life five to eigjit 
years. 

LEAVES. Glaucous (gray-blue), rigid. 1*25 to 1 *5 m. long 
7 to 11 o.m. wide ; marginal spines red, 2 to 3 mm. long, curved, 
pointing downwards. Terminal spine about 3 cm. long. 

PLOWBB STALK. 3 to 6 m. high with rather short branches 
bearing clusters of flowers usually followed by bulbils. 

Cultivated mostly in loam soil of good fertility. Fibre finer 
and softer than that of Yucatan henequen. 

7. AGAVE LESPIN ASSET, TrelesLHe. 

Zajmpe de Tepetziritla. ‘ 

Vincent Zapupe. ' 

Native in Eastern Mexico, cultivated in the region of 
Tanmioo. Rarely introduced elsewhere. It does not produce 
the fibre called ‘ Tampico’. 

Description. 

PLANT. Propagated by suckers and bulbils. Similar in 
general ^pearanoe to Agave sisalana, but leaves generally 
shorter. Life six to ton years. 

LEAVES. Green, rigid, 1*25 to 1*5 ro. long, 8 to 12 c.rn. 
wide, marginal spines, red, 2 to 3 mm. long, curved, pointing* 
downwards. Terminal spine nearly 4 cm. long. Flower stalk 
similar to that of A, Zapupe, 

Cultivated mostly in sandy soil near the coast, but it might 
give better fibre in drier soil or soil with more lime. Fibre finer 
and more flexible than henequen. 

8. AGAVE DEWEYANA, Trelease. 

Zapupe verde. 

Tamaulipas henequen. 

'Huasteca henequen. 

Native in Northern Vera Cruz. Cultivated mostly in region 
of Ciudad Victoria, Tamaulipas. Rarely introduced elsewbem 

Description. 

iPLANT. Propagated by bulbils or suckers. Similar to 
13isal in general appearance, but with narrower leaves. Life 
six to ten years. 

LEAVES. Dark green, thin and outward, curving somewhat, 
1*5 to 2 m. long, 6 to 10 o.m. wide, marginal spines red, burved, 
with points downward. Terminal spine 3 to 4 cm. long, usually 
slender. 
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FI.OWXR &TA1K. Similar to preceding. Flowers followed by 
bulbils. Fibre similar to that of A, Z.ipvpe, finer and softer thaii 
Sisal from A. fourci oydes. 

• 

9. AGAVE TEQUILANA, Weber. 

Tequila Maqney 

Ciillivated in south-western pai^ of Jalisco. Mexico, near 
Quadalajara, primarily for ‘Tequila wine’ distilled from the 
baaeR of the plants. 

LEAVES. Sometimes lued for fibre production. 

PLANT. In general appearance very similar to A, Zaimpo, 

10. AGAVE 

Sinaloa Maquey. 

Mescal Maguey. 

Cultivated in State of Sinaloa. West cm Mexico, ])rimnrily for 
mezeal liquor distilled from bases of plants. 

LEAVES. Used for production of fibre called Mescal fibre or 
Mezeal fibre. Barely introduced in gardens. 

PLANT. Similar in appearance to A. caninla. 

U. AGAVE STRIATA, Zuccar. 

Esimdin. 

(hiai'Hla. 

Native in high mountain valleys, Central Mexico. Not cul- 
iivateci. Narrow triangular leaves al)Out 10 mm. wide and 40 to 
50 cm, long, striate, with no spines. IVodiices fibre of low grade. 

12. AGAVE FALUATA. 

Native in high mountain valloy.s of Central Mexico. Not 
cultivated. Similar in appearance to prec.eding {A. striata) 
except that leaves are slightly wider and cairved sidewise. 
Produces a low grade fibre of little impoi tance. The following* 
speciee'often mentioned among fibre* producing agaves are of no 
real value for fibre production. 

13. AGAVE AMERICANA. L, 

A latwleaved Agave widely distributed in cultivation as an 
amamemtfl riant, naturalizes! in Southern Kuro{>c and India, not 
Fibre ‘F little value, too poor to be worth 

j i 


14. AOAVE ATROVIRENS. 

Pulque Maijuey. 

Cultivmtcd na ar« other large-leaved Agaves, commonly 
in Central Mexico, for production of ‘ pulque 
a popularorinlc made of the fermented juice. 
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16. AGAVE DECIPIBNS, 

False Simh 

A small plant native on the Florida Keys. It is said to have 
been substituted for Sisal, but it may be easily distinguished by 
its short (0*5 m.) leaves curved backward, and of an apple-green 
colour similar to bitter aloes. 

16. AGAVE IXTLIt Karwinski. 

Native in sandy land on northern coast of Yucatan. Similar 
in general appearance to a dwarf henequen* (A, fourcrovdes). It 
does not produce any of the ixtle fibre of commerce, and does not 
grow within 400 miles of where ixtle fibre is produced. 


KEY TO SISALANAE IN THE WEST INDIES." 

Medium-sized or large suckering subacaulescont or caulescent 
plants with rather numerous firm and rigid, straight, narrow gray 
or somewhat glaucous dull smooth leaves with openly grooved 
not decurrent spine and rather small subdistant prickles (rarely 
all but lacking) ; ample oblong panicles ; medium-sized or large 
greenish fetid not congested flowers with maroon-dotted filaments 
and style, abundant inflorescence bulbils ; and, when produced, 
moderately large capsules and large seeds. 

Continental plants introduced into a few islands. Spine 
tortuous, flat- topped ; prickles very slender from deltoid bases. 

A.anguetifolia, 

Spine slightly arcuate, grooved toward the base ; prickles 
(if present), gradually tapered. 

Caulescent, gray -leaved, armed. A, fourcraydes, 

Acaulescent, greener, at most with reduced prickles. 

A. mmlana* 

Agave fourcroydes (Lemaire). 

Caulescent, the trunk at length 2 m. high, suckering. Leaves 
dull gray-green, linear lanceolate, openly concave, 8-10 by 
160*250 cm. ; spine blackish brown, or gray in age, sometimes 
pitted and glossy, stoutly conical, slightly recurved, round- 
grooved below the middre, 4-6 by 20-30 mm., not decurrent ; 
prickles blackish, usually 10-20 mm. apart, 1-4 mm. long, straight 
or gently curved, especially upward, narrowly triangular h*om 
at bngtn lenticularly hardened very low elevations of the other- 
wise nearly straight margin. Inflorescence 6-10 m. high, the 
upper third or more rather laxly oblong-paniculate with spread- 
ing or recurved branches ; pedicels mostly 5-10 mm. long. Flowers 
yellowish green, 60-65 mm. long, ovary 25-36 mm. long, shorter 
than the perianth, oblong ; tube quickly uroeolate 15-20 mm. 
deep., segments 6-8 by 15-^ mm., much shorter than ovary, 

if . 


2. Reproduced from * Agave in the West Indies*, by Williatti Trelease. 
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filaments inserted about the middle of tlie tube, 40-60 iiim. long, 
twice or thrice as long as the segments. Capsules obovoid-oblong, 
25 by 45 mm., slightly stipitate and beaked, seeds 6-8 by 8-10 lum. 
broad, winged. Freely bulbiferous. 

Agave sisalana (Perrine). 

Subacaulescent. Leaves finally green and somewhat glossy, 
at first lightly glaucous and transversely banded on the back, 
linear-lanceolate, nearly flat, about 10-150 cm., spine dark-brown, 
somewhat pitted and glossy, tumidly conical or triLjuetrous, 
slightly recurved, shallowly round groow^d, near the base, 4-5 by 
20-25 mm., not decurreiit ; prickles exceptionally nearly as in the 
last, but typically minute, or almost enliiely suppressed. 
Inflorescence about 6 m. high, the upper half loosely oblong- 
}»aiiiculate ; pedicels 5-10 mm. long. Flowers yellowi.sh green, 
45*60 mill, long, ovary 20-25 mm. long, shorter than the perianth, 
soon broadly fusiform ; tube urceolate, 15-20 mm. deep, segments 
6*8 by 15-20 rnm., a little shorter than the ovary : filaments 
inserted about the upper tiiird of the tube ; 40-70 or even 80 mm. 
long, twice or thrice as long as segments. Ciipsules, when 

C rodiiced, which is rare, oblong, 20-25 by 60 mm. stipitate and 
eakod, seeds 7 by 10 mm. Freely bulbiferous. 

The more prickly form may be known for convenience as 
var, armata. 


ON THE INHERITANCE OP THE NUMBER OP 
TEETH IN THE BRACTS OP QOSSYPIUM. 

BV S. C. HABLAND, B.Sc., (Lond.), 

Assistant Agricultural Superintendent, St. Vincent. 

Introduction. 

In certain species of Go.ssypium the bracts ar *. entire. This 
is said by Watt (•) to be the case in G, Sfin'di, F.v. M., 
(f. Jiubinsonit F.v.M., and G. IhfrkvpuHi, Brandg. Ace^ 'ding to 
the same authority, the bracts are entire ()r slightly toot iied in 
the following specie.s : (1) G. arhorettm^ Linn., and its varieties 
neglectat VC and ashnmlca^ Watt; (2) G. N(niku'(j, Meyen., 
and its varieties rM5?cimda, VVatt, Baiii, Watt, and lioji, Watt; 
(3) G. obtusi/oUum, Iloxb. in other species of Go.ssypium the 
bra?t8 are more or less deeply la.sciniated into from three to twenty 
teeth, and each pure strain or elementary species Ims a definite 
value for the number of ceeth to which it breeds true. 

This paper contains some general notes on bract teeth, and 
the results of the examination of the first hj^brid generation of 
certain crosses between types of c<4ton differing in the number of 
teeth in the bracts. 

(1) <^Xke Wild and Cultivated Cotton Plants of the World’. 
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General Notes. 

In making oonntft it is often difficult to decide upon the 
number of teeth in a given bract. There is no distinct break 
between * tooth * and • no tooth’, and all gradations are found 
between a true tooth and a slight rounded projection. If, how- 
ever, a projection which is sudd<^nly acuminate, or which termin- 
ates in a distinct mucre be termed a tooth, and all others 
neglected, the results are sound for absolute, as well as for 
comparative pui’poses. Countings made by ditferent observers on 
the same set of bracts gave approximately equal results. 

It should be noted that as the plant becomes older, the higher 
numbers of teeth occur less frequently, and the average number 
of teeth is lowered. Consecjuently it is preferable to make counts 
from plants which have just commenced to llovver. 

Ill studying the inheritance of bract teeth, a frequency 
polygon is constructed or a frequency array compiled for each 
plant, the number of bracts taken being not less than 150. Fluc- 
tuation in the number of teeth of individual bracts is considerable. 
Ill each plant, one nuinerical value is most frequent, and the 
number of bracts possessing a different number of teeth becomes 
less as that numerical value diverges more and more from 
the most frecpient value, lu a pure strain, all plants have 
frequency polygons of tlie suuie general shape, and usually with 
the same modal value. In certain cases fluctnation may cause 
the modal values to sink by a unit. This is easily 
explainable. A ])lant may be weakened by aphis attack or 
cryptoganii(* disease and tlius give a larger proportion of lower 
numbers. The same result would occur if the plant suffered 
unduly from ))ud-shedding, since a considerable number of bracts 
examined might then be taken from secondary sympodia, and 
tliese in general liave lower teeth numbers than those from 
the main fruiting branches. I do not think the occasional 
divergences met with in these experiments are of genetic signifi- 
cance, provided that the average for the plant falls within the 
normal range of variation. 

PuRiTF OF Types Used in the Experiments. 

The following kinds of cotton were used in the experiments 

(a) Sea Island (G. Barbfulensey var, maritima^ Watt) 

denoted by the letter I. 

(b) Southern Cross Upland (G. hirsiUmUy Linn, var.) 

denoted by the letter U. 

(c) Cauto (G. var. apospermimiy Sprague) 

denoted by the letter C. 

(d) St. Croix Native, Type 1 (Gossypium sp.) 

denoted by the letter N. 

There will follow from this point the evidence for the purity 
of each of the above types, after which an account will be given 
of crosses made between them. 

SEA xSII-AND. a family of Sea Island, the progeny of a single 
plant, was grown in 1914-15. Ten plants were grown, of which 
five were examined for the number of bract teeth. The five plants 



received the desij^nations of 1 1, 1 3, etc. Tii tlie next generation 
twenty plants were grown from 1 1, receiving tlie symbols of 
I I’l, 1 1’2, etc., and seven plants from I 2— being called I 21, 
1 2‘2 etc. 

Table I.— Sea Island. 


Number 

of 

plant. 

11 

12 

13 

14 

15 

Average. 
Ill 
11-2 
11-3 
11-4 
11-5 
110 
1 1-7 
11-8 
Il« 
11-10 
1111 
11-12 

1 113 

1114 

1 1 15 
1 lit) 
11-17 
1 1-18 

11- 19 
11-20 

Average. 

12- 2 
1-2 3 
I 2-4 

125 

126 
12-7 

Average. 


I FREQUENCY OF OCCURRENCE PER 150 OF 
i FOLLOWING NOS. OF BHAt'T TEETH. 

j 6 I 7 1 8 1 9 I 10 11 I 12 , 13 I 14 I 15 


1 i ‘ 


1 

3 

9 


! 8 
: 8 
23 
8 
12 


0 2 1 0-4 2-6 


17-8 '29 8 :55-4 128 6 


i 24 j 68 i 31 

; 21 ! 60 I 39 

' 29 ; 60 26 

-25 ! 55 38 

50 : 31 i y 


1 


o 
6 

20 
12 
20 
16 
20 
i 2 

2 I 34 
' 5 
! 8 
1 j 7 
1 11 


33 

34 
30 
27 
40 
34 
29 
18 


55 
66 

56 
69 
61 
54 


18 : 1 
17 , 3 
8 : 1 
20 ; 4 
4 ' 

13-4! 1*8 


45 

35 

27 

29 

21 

32 


56 ' 32 I 


4 

6 


10 

8 

10 

6 

20 

28 


63 
16 I 50 
31 ! 69 
26 I tiO 
26 60 
23 61 


45 , 
J6 , 
33 : 
40 
43 
38 


14 i 60 i 32 
39 i 59 I 26 


30 I 58 
18 i 70 


2 i 2 1 10 
0-3^21 |12_0 

7 

8 
14 
3 
6 

0 14 

6 16 
2-1 8-7 


40 
30 
30 
31- 1 

27 
24 
42 

28 
28 
38 
34 


58 

58 
62 

60 3 
66 

59 

60 
52 
72 
48 
52 


30*6 158-4 


41 

i; 

Hi 

32*8 

35 

39 

20 

47 

34 

32 

30 

135-6 


11 

1 

10 

11 I 

5 : 

9 i 
10 ; 

21 

2 

12 

14 
12 

15 ! 1 


1 


0 


0 : 

« 1 
M 
6 
4 

10 
9-2 
15 

14 
8 

15 
10 
12 
6 

9*3 I l i 


1-0 


4 


0 1 


Aver- 

age. 


i 11 20 
11-25 
' 10-74 
i 11-33 
i 9 98 
' 10-90 
’ 11-18 
! 10-95 
i 10 71 
. 10-96 
I 10-65 
I 10-78 
: 10 83 
11 -45 

10 33 

irn 

11 21 

j 11-18 

i 11 15 
' 10 71 

10 - 89 
iro7 

11- 33 
10*09 
10-52 
10-93 

10- i)3 

11 - 10 
11 22 
10-81 
11 35 
11-00 
10-81 

10- 70 

11- 03 


It is clear from Table I that the only plant which is doubt- 
fully of the same gametic ccnsutution as the other plants in 
respect of the number of bract teeth is plant I 5. Both the 
average and the modal value of this plant are distinctly lower 
than tii6 rest. I have, bowev^er, included the data in determining 
the average values for the family. Comparing the ligiires for 

S lants 1 1 and I 2 with those of their progeny, it can scarcely be 
oubted that Families 1 1 and I 2 are breeding true. 
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SOUTHERN CROSS UPLVND. Two selections U 1, and U 2, 
were made in 1914>lo. Unfortunately no examinatiop. was 
mode of these two plants, but data are available for their 
progeny. 


Table II.— Southern Cross Upland. 


Number 

FREQUENCY OF OCCURRENCE PER 150 OF 1 


of 


FOLLOWING NOS. 

OF BRACT TEETH. 


Aver- 

plant. 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

age. 

U. 11 

2 

3 

14 

28 

34 

37 

20 

9 

2 

1 

12-29 

U.1-2 

1 

4 

11 

22 

43 

40 

24 

5 



12-29 

U. 1-3 



6 

20 

50 

48 

26 




12-45 

U. 1-4 

2 

8 

10 

24 

87 

32 

28 


2 


1227 

U. 1-5 


3 

7 

1ft 

29 

50 

36 

7 



12-63 

U. l-« 

2 

« 

0 

18 

34 

56 

28 




12-87 

U. 1-7 

2 

i 

8 

16 

24 

42 

30 

?0 

4 


12-84 

U. 18 

1 

10 

10 

18 

33 

41 

22 

10 

3 


1237 

U. 1-9 

1 

(5 

20 

26 

36 

37 

21 

2 

1 


12-01 

U. 110 


« 

14 

32 

40 

42 

16 




11-97 

U. Ml 

2 

5 

P 

13 

33 

38 

35 

8 

5 

2 

12-72 

U. 112 


4 

■ 4 

18 

52 

41 

18 

8 

2 


12-40 

U. M3 


1 

4 

21 

33 

44 

29 

14 

8 

1 

12-86 

U. M4 

0 

8 

18 

23 

27 

49 

13 

3 

2 

1 

11-03 

Average. 

1-4 

5-0 

101 

2li 

30 2 

12-9 

24-7 

0-6 

10 

0-2 

12-39 

U.2l 


1 o 

1 ^ 

8 

8 

43 

34 

23 

12 

5 


12-91 

U. 2-2 

1 

L i 

! 7 

7 

21 

58 

23 

21 

5 

3 

13-10 

U. 23 


2 

1 10 

17 

! 83 

50 

22 

11 

4 

1 

I 12-71 

U, 2-4 


1 

i 4 

12 

28 

52 

28 

24 

2 


13-12 

U. 2-5 


! 2 

2 

12 

20 

60 

24 

12 

12 

1 

13-13 

1). 2-6 


1 4 

10 

6 

24 

42 

82 

16 

14 

2 

13-21 

U. 2-7 


! 2 

4 

4 

46 

42 

36 

6 

10 


13-02 

IT. 2-8 




20 

86 

28 

48 

14 

4 


13 08 

U. 2-9 


: 2 

« 

20 

48 

42 

21 

14 



18-10 

U. 210 


5 

20 

28 

52 

24 

16 

5 

2 


11-99 

U. 2-11 


0 

5 

24 

84 

34 

30 

15 

2 


12-63 

U. 2-12 


8 

8 

24 

34 

39 

23 

10 

8 

1 

12-45 

Average. 

0-8 

81 

0-6 

15-0 

33-4 

13-8 

27-4 

CO 

CO 

5-3 

0-6 

12-87 


From Table II it will be seen that the plants with one 
exoaption have the modal value at 12 or 13. It must be said 
however, that in some of the plants only half the usual number 
of bracts were examined, and some, owing to severe attacks 
of aphis were so crippled that they were not examined at the 
same time as the rest. This, I think, will account for any devia- 
tion or unexpected numbers. The evidence presented' in the 
table certainly shows that we have two families of Upland 
breeding true 

CAUTO. Six plants of this variety wore grown in 1914-15. 
The results of an examination of the number of teeth in the 
bracts are preeented in Table III. 
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Fig. 2 . Southern Cross Upland x St. Croix Native. 



Fi’equency |»er 


lie 



Upland Family Ul. 
Cauto Family C. 

Cauto Plant Cl. 

(Ul X Ul) FI. Plant 1. 



Number of Teeth. 

Fig .3. Southern Cross Upland b}’ Cauto. 



Kg. 4. 
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Table III.— Oauto. 


Number frequency of occurrexck pkr 150 op 

of FOLLOWING NOS. OF HU ACT TEETH. Avef. 


plant. 

9 

10 

11 

12 

13 

11 : 15 

It; 

17 

IS 

age. 

C. 1 


7 

20 

47 

34 

211 ! 1.5 

1 



13(57 

C. 2 


11 

21) 

1(5 

4(t 

14 ; 13 




13:59 

C. 3 

1 

G 

18 

53 

11 

25 3 




13 47 

C. 4 

4 

U 

2(i 

13 

30 : 

2.) 10 

I 

1 

! 1 

l:5 1(5 

C. 5 

1 

11 

81 

57 

21 j 

19 ' 1 , 




13 01 

C\6 j 

2 

4 

2G 

03 

OU 1 

IS ; 1 1 




1323 

Average. 

i:! 

8-5 

25*0 

.51 -.-.I 

31-2; 21-2: 7 -7 

0-8! 

0-21 

0-2 

1:5 38 


All the plants possess a mode at K>. Altliongli the; modal 
value is the same as that for the two families of Uphin l, th<' 
shape of the frequency polygon (see li^. o) is dilleivut* and in 
general the higher numbers occur more often in Canto. It must 
be said also, that the results for the Canto fa.jnily were not taken 
until the plants were well on in the ilowen ing stage, jind possibly 
the values given to iiigher numbers mv too low. Obvions'^^ 
however, the six plants are of the same gametic composition in 
regard to this character, and tlie combinaiion of factors involve ! 
is not the same as that of Sout hern Cross Ui)land. 

ST. emoix NATIVE. TVl’K 1. A family of this variety was 
grown in 191 1-15; and dett‘rmina(it)ns of tin* number of t(»(;th 
were made in six plants. The results are givtm U'low. 

Table IV. -Sr. Croix Native, Tviuc 1. 


Numbei* ; FRE(^UKN(’V OF OLCUHKENCE PER 150: 

of OF FOLLOWJNUi .VOS. OF HUAI T TEETH. ' A Ver- 


plant. 1 4 

1 i ^ 

7 

8 

9 

10 

1 


ag«(. 

N. ! ’ 

1 i 15 1 

74 

.50 

9 

1 1 

[ ' 1 

j 1 

7 : 5(1 

X. 2 

1 18 i 

78 

1 41 

18 

2 1 


7-12 

X. 3 

i r2 ' 

7:1 1 

1 8G 

15 

1 1 

i 

7-27 

X. 4 : 

' 1-8 i 

7 :) ! 

1 lb 

10 

1 ! 

7-2:5 

N. 5 ; 

8 ' 12 1 

5(5 

58 ‘ 

22 i 

1 ; 

7(11 

N. (5 ; 

j 1 M I 

78 

12 

15 

1 i 

7 41 

Average. | i 

17|l(5-5;72 0,41-2; 

1 1 0 

1-7 i 

7*88 


These results sliow that St. Croix Native, Type 1, breeds true 
to a modal value of 7. 
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First; Hybrid genebation. 

Experiment i. Sea Island by St. Croix*Native, Type 1. One 
cross was made, viz,, 1 1 x N 5, of which ten plants were grown. 

Table V.--Sea Island x St. Croix Native, Type 1. 


Number 

FREQUENCY OP OCCURRENCE PER 150 OF , 


of 

FOLLOWING NOS. OF BRACT TEETH. 

Aver* 

plant. 

4 

5 6 

7 

8 9 10 11 12 

13 

14 

age. 

11 




~ 8 24 68 31 

18 

1 

U-20 

N5 


3 12 

56 

53 22 4 



707 

(11 xN 5)1 




11 41 57 34 

10 


1116 

2 







11-21 

3 







11-34 

4 







11-19 

5 







iO-94 

6 







10-98 

7 


1 

1 





11-24 

8 


1 





1110 

9 


1 





10-98 

10 




1 

1 



11-23 

Average (f 1) 




1 

1 1 



11-14 


A complete frequency array was made only of one plant, the 
average for the rest oeiiig taken from sixty bracts. The modal 
value for the single plant for which complete figures are avail- 
able, was 11. From the results it may be concluded that in the 
first hybrid generation of this cross, the larger number of teeth 
characteristic of Sea Island is completely dominant over the 
smaller number of St. Croix Native, Type 1. 

Experiment 2. Southern Cross Upland by St. Croix Native, 
Type 1. The following crosses were made : — 

(1) U 1 X N 5. 

(2) U 2 X N 3. 

Complete data are presented in Table VI, of fourteen FI 1 
plants in the former cross, and nine plants in the latter. 
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Table VI.— Southern Cross Upland x St. Croix Native, Type 1. 


Number 

FREQUENCY OF OCCURRENCE I’ER 150 OF FOLLOWING NOS. i 


of 



OP bract teptk. 




Aver- 

plant. 

0 

i) 

7 

8 

0 

10 

11 

12 


14 

15 

10 

17 

age. 

U1 (Fam.) 




1 

5 

10 

21 

36 

43 

25 

7 

2 


12:39 

N.5. 

0 

12 

56 

53 

22 

4 



1 





7 61 

ui.xN.s.i: 





12 

20 

41 

52 

16 

6 



12*:39 



i 


2 

4 

28 

50 

10 

16 

1 



11-80 

K 

j 


4 

() 

26 

18 

.56 

iO 




1217 

i 

1 




8 

10 

48 

58 

22 




12*19 

5 






16 

12 

56 

30 

1 

2 


12 80 

(1 



2 

6 

20 

26 

42 

32 

18 

4 



11*92 

7 

1 1 



6 

50 

51 

24 

16 




11-96 

8: 


2 

8 

22 

60 

38 

16 

2 

0 


12-28 

9 



1 

6 

23 

41 

52 

19 

7 

1 


12*51 

10 


4 

6 

M 

30 

50 

3: 

10 

2 



11-79 

11 

' 



8 

26 

’42 

41 

26 

4 



12-41 

12 

' 



6 

20 

60 

50 

11 




12*:31 

VS 

1 



2 

32 

11 

10 

26 

6 



12-49 

U 

1 

3 

22 

42 

46 

27 

19 

1 



12*57 

Average (f 1) 

()-5 

1*7 

8-7 

26-.^ 

17‘9 

43-1 

18:3 

2*8 

0-1 


12*26 

r ■ 

1 

L. 

j 

rV 

1 

; 

1 

1 

3 

7 ! 

15 

35 

41 

; 27 

13 

5 

1 

12*87 

N:5 

o 

o 

22 

73 

36 

i 

1 


1 

1 






7-27 

r2x>ia) 1 


1 

6 

i 20 

i 51 

142 

! 22 

6 



12-48 

2 



1 

8 

i 16 

36 

i 

26 

20 



12-82 




1 

0 

! 30 

36 

1 12 

: 32 

10 

1 


1284 







1 58 

: 48 

;30 

*> 

1 2 


1274 

0 



1 

1 

2 

' 8 

■ 36 

! .56 

22 

21 

2 


1 : 3-12 

f: 




2 

1 14 

i 26 

, 5S 

: L 

4 

4 


13 01 

V 



2 

i 

1 20 

I'i4 

18 

4 

0 

2 

13*12 




1 


21 

j 56 

I 38 

i 26 

4 

2 

1 

1257 

9 




2 

1 20 

1 50 

1 48 

28 

2 



12-57 

Average (r 1) 


i 


2-7 

1(V9, 41*3; J8-8i 30-6 

8*4 

1*1 

0-2 

12*81 


Comparing the F/1 with both parents, we see that both the 
modal values and av^'ra^es agree closely with those of the 
Upland parent, i.e., with the parent possessing the larger number 
of teeth. The data are presented in the form of frequency 
polygons in Fig. 2. and it is clear from the F/i curves that while 
dominance of the larger number of teeth is pronouiiced, the 
curves of the two Upland families agree much more closely. 
Thus it appears possible to distinguish the heterozygous family 
from the Homozygous in this cross. 

Experiment J. Southern Crms Upland by Canto. 

One cross only was made, i.e., TJ I x C I, of which ten 
plants were grown Owing to unfavourable olimatic conditions 
complete results are available for only two plants, the averages for 
the rest being calculated from sixty bracts. 
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Table VII-SomBEBN Cnoss Upland x Caitto, 


Number 

of 

plant. 


U 1 (Fam.) 

C.l. 

(U.lxCl.l) 

2 

3 

4 

5 

6 

7 

8 
9 
10 

Average (f 1) 


FREQUENCY OP OCCURRENCE PER 150 CP POLLOWING NOS. CP j 
BKAOT TEETH. 

8 
1 


9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

T 

10 

21 

36 

43 

25 

7 

2 



1 



7 

20 

47 

34 

26 

15 

1 







F- 

/ 

26 

41 

48 

19 

8 


' 

] 

1 

1 

1 


2 

1 

8 

21 

34 

1 

34 

! 

32 

1 

12 

2 


Aver- 

age. 

12- 39 

13- 67 
15-49 
15-71 
15-51 
15-10 
15-42 
15-70 
15-91 
15-31 
15-26 
15-53 
15-49 


We see hero that in the two plants for which complete data 
are given, the modal value is 16 in one case and 15-16 in the 
other, while the averages for tlie remaining eiglit plants are uni- 
formly liigher than those of the parents. The view that the gam- 
etic constitution of Upland and Uauto is not tl>e same is corrobor- 
ated by the F/1 results. 

Summary and Discussion. 


It has been shown that different varieties of cotton are 
characterized by differences in the number of teeth in the bracts. 
It may be stated that frequency polygons of such different forms 
as those of Sea Island, St. Croix Native. Upland, and Canto, 
imply differences in gametic composition in respect of the 
character. 

When crosses are made between types differing in the 
number of bract teeth, the F/I in the case of two of the cros.ses 
showed complete dominance of the larger number of teetlii biit 
in the third case the F/1 exhibits intensification, and has a larger 
number of teeth than either of the parents. 

Having regard to the fact that certain cottons are known to 
have bracts from which teeth are absent, it seems fairly clear 
that it is possible to get at least six homozygous types differing 
constantly in the number of teeth. Hence at least three factors 
may be concerned in the production of the tooth value of the 
cotton possessing the highest number. 
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ON THE SIONIFICANGE OF THE RESULTS 
OBTAINED IN THE DOMINICA MANORIAL 
EXPERIMENTS WITH CACAO. 

by w. r. dunloi* 

Scientific Assistant on the Staff of th * Tinporial Department 
of Agriculture for the West liuiies. 

The extent to which reliance may he placeci upon the statis- 
tical results of manurial experiments has been tlie subject of nnujh 
discussion in recent years, and it seems that m, useful purpose will 
he served by enquiring into tlie true signiticaneo of the 
well-known Dominica results. Moreover, the destructive storms 
that passed over Dominica in 11U5 and more particmlaHy in 
IDUh inftieted damage to the cacao trees in the manurial 
plots at the Botanic Gardens. /V l)n‘ak lias therefore 
occurred in the continuity of these expe>iments that have 
now been in progress for fourteen years, in view of this, it 
seems particularly opportune to review and t(' discuss the results 
at the present moment. 

For a detailed account of the experinnmts. the reader is 
referred to the recent Reports on the Agricultural Department. 
Dominica, while a study of the conditions obtaining in the 
experiments from the chemi(?al stand-point appears in the West 
Indinn Bulletin, Vh)!. XiV, pp. 81 to llh. It will answer pres(*nt 
purposes to state that the main seri(‘s has (50i‘.sisted of five plots, 
»‘ach about {-acre in area, treated as indiraiteil in tlu^ following 
table, wlii(*li shows the yields that liave bi‘en obtained in pounds 
of cured cacao per acre (calculated). 

Dominica Manurial Experiments with Cacao (Main Series). 



Plot 1. 

Plot 2. 

Plot 3. 

Plot 1. 

Plot 5. 

\ ear. 

No 

Phosphate 

Dried 

Ih'ii.'d 1)1(10(1, 

.Mnlclipd 


inaiiuio. 

and potash. 

bh*od. 

plio.sphato 

witli gra.SK 

i 


. 

and potash. 

and leaves. 

1902-3. 



1,138 

1,540 

1,194 

1.599 

1,300 

1003-4. 

822 

1,170 

1,131 

1,069 

1,092 

1904-5. 

1,009 

1,179 

1,131 

1,418 

1,4.50 

1905-6. 

1,122 

1,105 

1,232 

1,.506 

1,724 

1906-7. 

1,095 

1,28.5 

1,134 

1,461 

1,743 

1907-8. 

1.354 

1,680 

l.GU 

: 1,709 

2,012 

1908-9, 

1.467 

1,745 

1,(307 

i 1.946 

2,017 

1909-10. 

1.272 

1,395 

1,30 1 

1,835 

2,068 

1910-11. ! 

i 1,288 i 

1,589 i 

1,504 i 

1 1,879 

2,145 

1911-12. 

1,206 i 

1,466 

1,484 

1,842 

1,933 

1912-13. 

1.838 

1,576 

1,764 

1,908 

2,271 

1913-14. 

1,017 

1,281 

1,322 

1,699 

1,718 

1914-15. 

i 1,168 

1,519 

1,598 

1,641 

1,947 

1915-16. 

i 1,073 

1,807 ’ 

1 1,514 

1,548 

1,678 
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In 1907-8 additional series of experiments were introduoed. 
These are known as Plots 6 to 9. and have received the following 
treatment : Plot 6, mulched with grass and leaves ; Plot 7, cotton- 
seed meal ; Pk»b 8, no manure ; Plot 9, mulched with grass and 
leaves. In 1913-14 two other plots were added : Plot 10, mulched 
with grass and leaves ; and Plot 11, nitrolim. With the excep- 
tion or the cotton-seed meal and the nitrolim plots, these addi 
tional plots serve to some extent as extra controls for the no- 
manure and mulched plots in the original series. 

Taking the main series, namely Plots 1 to o, the general 
trend of the results can be best appreciated by plotting the 
results in the form of smoothed curves. This is done by taking 
the mean for each consecutive three years beginning with the first, 
second and third year, then the second, third and fourth year, 
then the third, fourth and fifth year, and so on. These means are 
plotted as sliown in the accompanying diagram. 

It will be evident that the curves present several striking 
features. In the first place the benefit derived from mulching, 
and to a less extent from the application of dried blood and arti- 
ficials is clearly indicated. 

Speaking generally, the yields in the case f)f several of the 
plots snow a preliminary tendency to fall, followed by a pronounc- 
ed rise for several years. Then in later years a decline took 
place. The rise may be attributed to manurial treatment, and 
increased care in cultivation which the plots received after the 
experiments were started. The rise in the case of the control plot 
must be attributed to increased care. Prom time to time 
during the course of the experiments, the trees on the control plot 
suffered from the need of manure to such an extent that 
several died and had to be replaced. Under strictly experimental 
conditions the replacement would not perhaps be considered 
scientific, but in these oNperiments the control was kept up 
because this procedure would be followed by the planter in estate 
practice. The fact that it was done does not lessen but increases 
the dependence that can be placed upon observed differences 
lietween the treated plots and the control. 

The decline in yields from the various plots, which is strik- 
ingly illustrated in the diagram, was due priueipslly, it is believed, 
to the effects of storms. High winds were experienced at critical 
times (e.g. flowering period) in 1912-13, and especially in 
1915-16. Also the drop at the second three year period 
at the beginning of, the experiments appears to be due to a 
storm that passed over the island in 1903. It ought to be 
noted in this connexion that the plots are not all equally exposed 
to wind. Nos. 4 and 5 (see table) have suffered worst ; 
but in spite of that, these two plots have given the most 
remunerative returns. As a general rule, experience in those 
experiments has shown the desirability of securing a location 
for such work where seasonal conditions are uniform. Neverthe- 
less, as will perhaps be more ^ clearly shown later on, these 
experiments unquestionably indicate the fact that the manuring 
of qaoao is highly remunerative. 
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In previous statements of the results of these Experiments, 
however, one important point has not been taken ii:to 
account. If tlie curves in the diagram be examined, it will 
be observed that the yield of the control plot began some 
300 H). of cured cacao per acre below the plots which were to 
receive treatment. Throughout the course of the experiments 
this lower * natural yield ’ is very evident. Hence in putting for- 
ward figures as to the amount of gain derived from manuring, 
allowance should have been made for this constant differ- 
en,ce. This point will be discussed later. Speaking generally, 
experience would seem to indicate that in manurial experiments 
with permanent crops, there should be two distinct periods: 
(a) a period for determining the natural yield of the plots ; (b) a 
period during which the manurial treatment is carried out. The 
trees should also, as far as possible, be of the same age and be 
planted the same distance apart. 

Even then the exact numerical expression of benefit gained 
is practically impossible. The increases obtained by mulching in 
these experiments have been sufficiently great to establish the 
value of this method of treatment ; but apart from yield, there is 
the general health and vigour of the trees to be considered. 
Direct inspection only can adequately convince one oii this side of 
the question ; hut tlie ineasuremeuts of tlie size of treated and 
untreated lime trees made in Grenada, go a long way to show the 
physiological benefit derived from mulching. In these experiments 
it was found that mulching increased the surface area of the ti‘ees 
by 78 per cent. 

The following table shows the average monetary gain from 
manuring over the whole period of the experiments, bh'orn what 
has been said above, these figures are only approximate 
indications of what may be expected under the conditions of the 
experiments ; they are nevertheless very significant : — 


Plot. 

Average 
annual 
yield of 
cured 
cacao, 
per acre. 

Gain in 
cured 
cacao 

over no 

manure. 

Value 
per acre 
of increase 
over 

no manure 
at fid. per lb. 
of cured 
cacao. 

Cost of 
manuring, 
per acre. 

Gain 
per acre 
by 

manuring. 


fi). 

ft. 

s. 

d. 

s. 

d. 

s. d. 

1 

1,168 . 





.. 


2 

1,437 

25i 

134 

6 

45 

3 

89 “S 

3 

1.419 

269 

125 

6 

52 

0 

73 6 

4 

1,610 

472 

236 

0 

97 

3 

138 9 

5 

1,794 

626 

313 

0 

80 

0 

233 0 

6 

2,075 

907 

453 

6 

80 

0 

363 6 

7 

1,752 

584 

292 

0 

40 

0 

252 U 

8 

1,906 

1 

.» 



,, 


9 

1,700 

1 789 

394 

6 

80' 

0 

314 6 


Ifc ^VJll seen that in the case of the niiilclied plot (N’o. 5), 
there has been an estinlated aiinilal net gain pei* acre of 2>V>h. - 
a Very substantial increase-. The value of the cacao, per acre, in 
the case of the control (Xo. 1) is 58b<'., so that the total amount to 
be secured under conditions of iniilchiug is 817s., lo.ss the cost of 
mulching. In the Trinidad experiments, the av(*rage yield of the 
control plots on the different estates is somewhere in the neighbour- 
hood of TffOlb. cure(l (*acao per acre, worth it (u/ per tb , ooOs*. In 
the British (Tiiiana experiments, the averag»* yield in tlie case of 
the (controls is about 401) Ib. worth, al IW. lb., 200s-. Tlio.se 
comparisons show the very high }>rodu(-t ivity of tin- miile!u‘(i plots 
in Dominica, the mert^ iiicreast* duo to mulching being greater 
lliau the yield of an oi\liuary 1-acre of cacao in Ih itish (hiiaua. 

It is slated in British Guiana that t he sole »)hjeel ion 1o the use 
of heavy mulching for (ri(»ao is the oxpcn.se, four year.s* mulchhig 
costing $ti4 per acre. As a matter of fact it is not tin* exp^mso 
but th(‘ low return that is the trouble in Briti.sh Giiiaua. Sixty- 
six (lollars ptM- acre for fo\u* years is SUhoO p'o* acre annually, 
wliich com[)ares very favourably with $19 20 p(M* a(‘re per annum 
ill Dominica, wliere mubihing has been sliown to h(* reimmerativc. 
But in Dominica, tlic average annual gain in euied cacao l-y 
niuching is O^Olb. compared with 12 Ub in British Guiana. 

The tjiieslion arisc.s as to whether allowance ouglit U) b) 
ni.ade foi* tlm apparent lower natural yield of tlie control plot 
(No. 1) in the Dominica experiments. As already poinltMl out, 
this 3’ielded at the Ijeginning of the experiments some oOUlb. of 
cured cacao [)cr acrci b'ss than the muIciRsI pl'»t Ixd'ore the* (dlect 
of ninlcliing was felt by tlie tree.s. ]f allor^ance is made, tlie 
increase from mulching will not he hut 2.'b').s. - lOOs .- So’s. 

If wc off-set against this (a; the fact tliat li*ei‘s wcr(‘ replaced in 
(he control, .and (h) tlie fact iliat. li.t- mulched plot .siitren*d more 
frcun storm.s, one is (lisinclim*(l. from a pract ic.-il stand-point., to 
make siujIi a rigorous reduction. .Moi-eover, one (;annot be cci* 
tain that the mulcliing’ did not .ailed- tin* tr‘*cK to tin? extent of 
incre.asing the yi(*l<l by otfcli,. per acre in the lirst year of the 
experiments, tlniugli it seems unlikely, in view of tin*, fact- that in 
the recently started inanurial experiments on limes the mnlehed 
plot showed no increa.sed vie.Id over tho control until tlie s(‘cond 
yert-r. It is a matter on which it is difficult to conn^ to a decision, 
and it emphasizes the importance of knowing 1 ho natural yield of 
the plots l)efon? tlie maiiurial ti’ealineiil is started. 

Taking everything into consideration, one is inclined to the 
opinion that the monetary gain from mulching in the Dominica 
experiments may be regardefi as not Ic.as than loO.v. per acre, and 
the other plots in proportion. 

It has been customary in recent ye.ars to (ionsider tne 
‘ probable error ’ involved in experimenlai results. Seeing that 
in the present series each experiment is represented hv a single 
plot only, no opportunity is afforded for applying tJic ‘ probable 
error * test. 

The differenoe.s that occur between the yields of each plot in 
successive years are not errors, but while containing errors, also 
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contain significant differences due to the treatment of the plots, 
and the seasonal and other environmental factors to wliich they 
are exposed. 

In his article in the West hidian Bulletin (Vol. XIV), Dr.H A. 
Tempany has attempted to calculate the probable error for the 
mulched plot by taking into consideration the mulched plots in the 
additional series, and arrived at the conclusion that the probable 
error is in the neighbourhofid of 2 or 3 per cent. 

The increases obtained by mulching are over six times as 
great as this, and even allowing for the apparently lower natural 
yield of the control (No. 1), are over three times as great, so that 
the results obtained ma}^ certainly be regarded as significant. 
Only in the case of the dried blood alone (Plot 8), and the 
potash and phosphate alone (Plot 2) is there any doubt as 
to the remunerative character of manurial treatment. 


THB CHARACTERS OF CERTAIN SOILS IN 
THE AREA DEVASTATED BY THE 
ERUPTIONS OP THE SOUPRIERE OP 
ST. VINCENT IN 1902-3. 

BY H. A. TEMPANY, D So , P.I.C., F.C.S., 

Government Chemist and Superintendent of Agriculture for the 
Leeward Islands. 

During the past few years considerable attention has been 
devoted in the Government Laboratory for the Leeward Islands 
to the study of soil problems, notably with reference to conditions 
obtaining in the tropics. 

In this connexion it appeared that it might be of interest if it 
were possible to enquire into the conditions obtaining when soils 
are in process of evolution, especially since such an enquiry might 
tend to throw light on the relative importance of certain of the 
normal biological activities of the soil. 

Excellent opportunity is afforded for the study of such 
questions in the case of certain soils now in process of evolution 
in the island of 8t Vincent in the area devastated by the 
eruption of the Sonfriere in 1902-3, and the following observa- 
tions on certain soils taken from that area ai*e put forward as a 
further contribution to the work already done. 
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The general effects of the eruption are well known, and are 
concisely summarized in the following words taken from a 
paper by Mr. W. N. Sands, published in the West Indian Bulletin, 
Vol. XII, p. 22, and dealing with the return of vegetation to the 
areas in question 

‘ Briefly it might be stated that from May 1902 to March 
1903 the volcano was very active and several eruptions of 
considerable magnitude occurred, acconifanied by incandescent 
avalanches. These avalanches burnt oft' all the vegetation on 
the lower slopes on the mountain and the surrounding district, 
and covered the land with a large deposit of ejecta. The districts 
which suffered most severely were situated on the west and east 
slopes of the volcano, and extended from Richmond estate to 
Windsor Forest on the west, and from Georgetown to Overland 
Village on the east. The area of these districts is approximately 
20 square miles. Within these districts were several Hourishing 
estates whose lands were considered to bo the most feidile in 
the island. ' 

The effect of such an occurrence in cases in which areas were 
covered to the depth of several feet with hot volcano sand must 
have been to have established surface layers which were at the 
outset completely sterile, and whi(!li occupied considerable tracts 
of country. 

During the intervening period of time the process of convert- 
ing these layers into soil has been in progress, and the effect is 
seen in the manner in which many of the devastated areas have 
become partially covered with certain descriptions of vegetation. 

The general conditions obtaining in this area in the year J912 
and inferences, are set out in the paper by Mi*. W. N. Sands above 
mentioned, ana thereto readers are referred for moi’c detailed 
information. In relation to questions <>f soil fertility in this area, 
Mr. Sands makes the interesting observation, that soon after 
the eruption, in cases where soils were not covered with too thiek 
a layer of ash, and subsetjuent cultivation (eiabled the surfac*^ 
ash covering to be mixed with the underlying soil, crops planted 
therein grew well ; on the other hand, when the layer of ash was 
too thick to permit of such admixt are, practically no growth was 
made. 

The inference was drawn by him that the eifcct of the hot 
ash on the underlying soil had been to produce partial sterilization, 
thereby stimulating certain bacterial processes, and that the 
result of this is seen when the soil is mixed with the overlying 
ash. When however the ash was of too great a thickiu-js to 
permit of its admixture with tic^ underlying soil, no such effect 
is observed. 

Considerable tracts of this latter character wljioh arc 

now becoming retransforraed into soil, and it is further obvious 
that a large proportion of the soils in the West Indian islands of 
volcanic origin, must have originated from similar depu.sit .s in this 
way, consequently the transforinatioii of such ash deposits 
must be regarded as representing one of the normal oecui rences 
in the process of soil formation in the West Indies, and as such is 
worthy of careful study. 
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With the kind c30- operation of Mr. Sands, the writer* was 
I'urniBbed early in the year 1916 wilh throe samples of soil from 
this area of 8t. Vineent. 

Mr, Hands's descriptive notes re^aniing tliese samples are as 
follows 

Sample No. 1 from Tourama estate ; depth of ejecta 12 

inches. 

>» No. 2 », *1 *« ,, ti 

„ No. 3 „ Orange Hill „ „ „ 14 m 

The samples consisted of soil entirely formed from ejecta 
The manner of taking the samples was as follows. A hole was 
opened through the ejecta to the former layer of surface soil, and 
from the side of the hole a vertical section of ejecta was removed, 
placed in a bag, and numlKU‘ed. Before opening the hole the 
vegetation growing on the surface of the ejecta was lightly 
scraped otf, but the roots of it were not touched. The vegetation 
consisted chiedy of grasses, vines and herbs. The areas from 
which the samples were derived had not been worked since the 
eruption of the Soufri^ire in May 11H>2. 

Ea<di of these samples was subjected to chemical and physical 
analysis occording to the methods usually followed in this Lab* 
oratory, while there were, in addition, determined the shrinkage 
exhibited by the soils on drying, the lime requirement for partial 
sterilization and for uetitralization, the nitrogen-tixing power, the 
ammonifying power, and the nitrifying power. 

As the methods employed in the examination of soils vary 
somewhat, the various analytical processes utilized are outlined 
below. 

PHYSICAL ANALYSIS. Tiiese were performed by the beaker 
method of Osborne, utilizing the American Standai*d for the 
various grades, 

CHSMICAL ANALYSIS. This included the determination of 
the available phosphoric acid and potash by Dyer s method, 
nitrogen by the Kjeldahl procjess, and organic carbon and 
i ulcium carbonate by the methods described by Watts. (Report 
oil Soils of Dominica, 1902, I. D. A. ; also WeM India u Bullet iUf 
Vol. XII, p. 69.) 

The above methods of chemical and physical examiuatioii 
are essentially those employed in the examination of the 
Soils of Dominica, Montserrat, Nevis and Antigua. (See West 
Indian Bulletin, Vols. VI, X, and XV.) 

SHKINKACV. The iiiothod of determining this factor is that 
given in the West Indian Bulletin, Vol. XTl, p. *50. It has re- 
cently been shown hy the writer that the magnitude of the 
slirinkage observed, sel ves as an index of the content of c*olloida1 
clay in the soil. It iiiav lie added that the results of investigations 
111 tills connexion will be published short)}'. 

LIMK KEi^llUKMKN'l>i POK PAttTIAL STERILIZATION ANO 
NEUTRALIZATION. The tueUiuds employed wei^e essentially those 
deserilied by Hutchinson and MaeLennati in the Journal of 
AffvictdtumC iScience, Vol. VII, Part I, p. 75* 
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NiraoGEN-FlXlNG POWER. This is determined by the method 
given in the West Indian Bulletin, Vol, XII ; it consists of 
inoculating 1 gram of soil into sterile Ashby culture solution, 
incubating at air temperature for twenty- one days, and at tln^ eini 
of that time determining the nitrogen in solution, making allow- 
ance for the nitrogen contained in the amount of the soil used 
for the inoculation. 

AMMONIFICATION, This was determined by weigliing 100- 
gram portions of the soil mixed with 2 grams of egg albumen, 
moistening with water and incubating at air temperature for foui* 
days. At the end of that time the aimnonia was distilled otT 
with steam into a measured amount of standard acid, and the 
excess of acid determined by titration. 

NITRIFYING POWER. Tliis WHS determined in a similar way 
to the ammonifying power, save that the samples were incubated 
for twenty-one days, the moisture content being made up at tlie 
end of each week to its original value. At the end of the incuba- 
tion period each soil was transferred with 250 e. c. of distilled 
water to a wide-mouthed jar of 750 c. c. capacity. Two grams of 
powdered lime were added, and the jar placed in a sliaking 
machine for ten minutes and tlieii allowed I to stand until the 
liquid was clear. When this oecurred 100 c. c- were measured out 
and the nitrates determined by the Griess phenol-siilphenic acid 
method. 

Standard op Fertility. 

In order to afford a basis of comparison for results, the 
following data may be quoted as being typical for average arable 
soils in a satisfactory state of fertility in the Leeward Islands : — 

Shrinkage from 1 per cent, to 15 per ceni. 

Lime requirement for partial sterilization, 'lO to '82 gram of 
lime per 100 grams of soil. 

Nitrogen- fixing power from 5 to 7 milligraniH per gram of 

soil. 

Amnionitication from 5 to 0 milligrams of nitrogen per 10 ) 
grams of soil per day. 

Theie standards do not differ very greatly from those found 
by othef* observers in respect of soils in temperate e.limates 
incubated at similar temperatures. 

The results of the examination of the soils in question in 
respect of each of the above (|iiaiititios are set out in the following 

pages. 

Physical Analysis. 

The physical analyses «if the thre*^ soils are given below. 
Owing to misunderstanding, the whole of the available samples 
were converted into fine earth ; that is to say, particles having a 
diameter larger than 1 mm were removed. The soil e.ontainefi 
approximat^y 15 r>er cent, and t)’2t) per cent, of particles larger 
than 1 mm., and this must be taken into account when reviewing 
the analyses. The results follow : — 



t90 


Constituent. 

Sample 1. 

Sample 2. 

Sample 3. 

Coarse sand 

231 

22-7 

17*0 

Medium sand 

51*2 

473 

54-0 

■ 

Fine sand 

11-7 

131 

5-3 

Very fine sand 

3-9 

3-0 

i 

5-3 

Silt 

21 

1 3-6 

7-6 

Fine silt 

3-6 

1 7-7 

1 

8-3 

Clay 

01 

1 

1 

; 01 

0-2 

Combined water and 
Organic matter . 

1 

24 

20 

20 

Total 

: 981 

1 99-7 

99 7 


The results indicate that tlie soils are typically very coarse, 
the sandy soils containing relatively small amounts ol* the finer 
constitiientH. Physically they reseinhle, hut are distinctly coarser 
in texture t han, the soils euconntered at the southern and west 
ern end of 8t. Kitts. 

Shkinka(;k. 


It is convenient deal wiili the results ul tiie shrinkage 
deterniiiiatiou at this ]K)inl. The results are given below 


No. 

1 


Shrinkage per cent. 
10 


2 1-6 

3 12 


These results are ol interest, inasmuch as they indicate that 
during tlie period which has intervened between the date of 
demsition of the soils and the present time, a certain amount of 
colloidal material lias been formed. 

A factor for calculating appi'uximately the content of 
colloidal matter from tlie shrinkage has been worked out in this 
Laboratory ; tlie value of tliis factor is 4*25, and by multiplying 
the obeerved shrinkage by it, we obtain an expression for the 
contents of colloidal clay!. In the above oases the results are as 
follows : — 

No. Colloidal clay, percent, 

. 1 6*8 

2 68 

3 51 
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J. Stewart* has put forwani a view, that tlie plasticity of clay 
i. e., its colloidal clmracter, is due to interaction bet ween * organic* 
matter and hydrated silicates of aluniiniuni. If this view is correct, 
the formation of colloids in these soils would appear to he due to 
the formation and decomposition of organic matter in eonjnnction 
with the decomposition ot* the felspars and otlun* minerals of the 
original ejecta. On general grounds it would appear that the 
acquiring of colloidal properties coiiKtitub s a very nnjK)rtant stage 
in the conversion of such a layer of volcanic land into soil. 


OhKMU’AI. ANAliVSIS. 

The results c^f the (*heinical analyses of the various soils are 
given l>elow : — 


Phosphoric acid (soluble 
in 1 per cent, citric 
acid solution.) 

Potash 

(/arbon dioxide . . 
Calcium carbonate 

Nitrogen 

Organic carbon . . , 
Humus 

Water at 100° C. 


Sample 1. 


t)180 

•OlOt) 

•(M7H 

010 

•0:^,5 

•870 

1*500 

1*00 


Sani))lc 2. 

•0047 
•01 HO 
nil 
nil 
•022 
•IHO 
•793 
•875 


Sample 3. 

•0285 

•0OH8 

•OtKIl 

•Old 

•035 

•140 

•759 

•725 


In relation to assimilable potash and phosphate, it will he 
seen that the soils are mo<lerately supplied with these constit- 
uents In this connexion an interesting comparison is possible 
between the data obtained in th. se instances and that adduced by 
Professor d-Alb«rq..er.,ue in the ease ot the J^hich W in 

Barbados in 1902, ( Went Jiiduin Bulhtni, Vol. II, p. 2K1.) These 
data are as follows : — 


•Trnnsactior.s, 7tli liitenintional tongies.s of Applied f:hemistiy, XV. 

The evidence ilddiioe.Uiy Stewait in this pa|)er points stronfrly (o tlie 
vieJ tLt chsMiclM oielay is due to the presence ol organic 

n aMer Stewart poMulatrs the cviM. nee of dcHn.te chemical . oin|HnmdH Ije- 

xlrVhrwritcr it apiieais n'.nro j.roUhle from .onsidoialioim of the 
iuvMinble presence of colloidal matter therein, that the eflect is more prolmhly 
one of pephl^ation of tlie finely divided rainerol material hy the otganie 

matter of the soil, 
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Potash ... *016 soluble in 1 per cent, citric acid solution. 

Phrwphoric anhydride ... *022 soluble in 1 per cent, citric 

acid solution. 

Il musi, however, be remeinberefl, ihat the dust deposited in 
Barbados was composed of very much smaller particles than that 
which fell in St. Vincent. (Consequently, in determinations such 
as this, a much larger surface would be exposed to the action of 
reagents in the case of the Barbados dust as against the St. 
Vincent ash. It is unfortunate that so far as the writer is aware, 
no samples of the St. Vincent ash were examined in this respect 
at the time of the St. Vincent eruption. 

The nitrogen cjontents of all the soils are small, No. 2 showing 
a smaller nitrogen (Content than Nos. 1 and 8. This is to be 
expe(ited owing to the fact that the ash is of considerably greater 
thickness in the former case. 

^I'he contents of organic carbon is low in all oases, but is 
considerably bighor in the case of No. 1 than in that of Nos. 2 and 
3. This high figure was carefully checked by means of duplicate 
determinations, but is somewhat difficult to explain. The reason 
for this result is not obvious, and in other respects the soil does 
not differ markedly in properties from the other two. In the 
method of analysis employed, no attempt is made to distinguish 
between humus and nndeoomposed organic material ; it would 
seem possible that the result inaj' be due to the presence of 
undec'ompoaed organic matter in the sample.* 

The soil is extremely deficjient in calcium carbonate, samples 
Nos. I and 3 showing very minute amounts, while sample No. 2 
shows none at all. 

Limp HEguiHBMKNT foh Nrutralization. 

The lime recpuremeut for neutrali/atioii was dotermined by 
means of t he methods of Hutchinson and MacLennan, i. e., by 
t reatment wdtb a solution of oaloium and carbonate of known 
strength. In all cases the soils were found to he very distinctly 
acid. The quantitative results in the case of each determination 
are given below ; they are expressed in terms of the weight of 
calcium carbonate required to neutrali/.e the acidity in 100 grams 
of soil. 

No. (irams calcium carbonate required to ueutra]i 74 e 
the acidity of JOO grams of soil, 

1. -0428 

2. 0304 

3. '' *0010 


* Too much stress should not be laid on the })ercentage of organic carbon, 
because in order to get a fair average percentage, a far larger number of 
samples would have to be examined. The roots of the vegetation and decaying 
organic matter would not be eveuiy distributed through the new soil* hence It 
iaquite possible that No. 1 si|fhiiple was more favourably aitaated tn this reepeot. 





It will be seen that while all the soils are disiiuetJv aeid. 
No. 2 is decidedly less so than Nos. I aed 11 seems permissible \ o 
infer that in siicli soils as these, the existenc e ot an acid condif ion 
is a normal accompaniment to the process oi’ their 1‘ormation. 

Lime Requirement for Paktiae Sterifi/xtiox. 

The method employed is that of Hutchinson and MacLennan. 
and consists in treating ecpial r|uant.ities of soil with calcium 
oxide in increasing amounts, allowing to stand and siihse<|uently 
determining the excess alkalinity. The result s are InOd to give an 
indication of the activity of the putrefactive bacteria in tiie soil. 
In the case of the.se .soils it must be remembered that no partial 
sterilization effect can occur until the existing acidity has been 
neutralized. The results are given below, the data indicating thc» 
number of cubic centimetres of acid recpiired to ncut rali/e tlie 
excess alkalinity when increasing ammnits of lime are added to 
100 grams of soil. 


Cii^ams of lime perj 

1 

• 2 

i 


A 

100 grams soil. • C. 

a. acid. 

! ( ’. c,. acid. 

C. r*. 

.■H> acid. 

•08 

nil 

nil 


nil 

Itj 

nil 

irU 


nil 

•:S2 

7-8 

58-4 


0-0 

•18 

02-4 

110*1 


80-0 

The character of 

the results 

is best, shown when 

they are 


plottivl in the inaiimM’ adopted hy lintchin.son :nid Macljiaimin, 
the point, of parti.al sterilization being iiuli(*iit.ed by a change in 
the direction of tln‘ enrvtMermcd by them the ti'ansilion poinl. 
The cairves given in the <'.ase of the two samples are shown )>elo\v. 
[t will be seen that botli curves follow the same general 
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fVirection. and, making allowance for the lower normal acidity of 
No. 2 lioinpared with No. 1, are closely similar, and show a 
moderate degree of bacterial activity. 

NiTROGBN-FIXINfi POWER. 

E.xamination of the soils by the usual methods shows that 
the nitrogen fixing bacteria of the Azotobioter type were present 
therein. 

The results for duplicate determination of the nitrogen-fixing 
power of each of the three samples is given below, expressed in 
terms of milligrams of nitrogen per gram of soil 

No. Nitrogen fixed per gram of soil. 

105 milligrams 
0*34 
2-28 

Ail these soils show the existence of nitrogen-fixing power, 
although when compared with standards found to exist normally 
in soils in the Leeward Islands Colony, the quantity of nitrogen 
fixed is relatively very small. No. 2 shows much less nitrogen- 
fixing power than either No.s. 1 or 8— a result no doubt probably 
to be attributed to the greater thickness of the ash deposit. 

Ammonifving Power. 

Examination showed that all of the soils exhibited ammoni- 
fying power. The results from the determinations in this 
connexion are given below, being expressed in terms of milligrams 
of nitrogen transformed per 100 grams of soil per day 

No. Milligrams of nitrogen transformed per 100 

grams of soil per day. 


1 

2 

8 


1 

2 

8 


•75 

•84 

P41 


It will be seen that the soils possess a small but appreciable 
ammonifying power. No. 1 shows a relatively low value compared 
with No. 3 ; the reason for this latter result is not very obvious. 

Nitrification. 

After incubation for twenty-one days none of these soils 
showed the development of any nitrates at all ; check determina- 
tions performed at the same time with ordinary arable soils showed 
normal formation of nitrates; one can therefot*e only conclude that 
in these soils, in the existing condition, change from ammonia into 
nitrates cannot take place, ^'uch a result is of great interest and 
would seem to indicate that plants growing thereon must be 
taking in their nitrogen in some other form than nitrates — 
presumably as ammonia.^ 

* The roots of some of the plaots may, however, be derivinfl: nitroffen 
(tm the old sail below. 
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PAOTORS OpBR/VTCNO TNT TfTB fORMA^TION OF THKSE SOILS. 

From the foregoing it is obvioiH that we liave to deal with 
deposits of ash of varying thickness, which have already made 
considerable progress in the process of (;on version into soil. This 
process has taken place purely l\v natural means, cousetpiently, 
by studying the soils and their attendant conditions, one is 
enabled to form some idea of the means by which this conversion 
has taken place ; while comparison of thi‘> above data with those 
for normal soils permit of one estimat ing how fai* tlie process has 
proceeded . 

Reference to tlie paper by Mr. Sands, previously alluded to, 
affords information as to the possible ways in which vegetation 
has been imported on to these soils and soil organisms reintro- 
duced. In the first place it seems probable that the original soil 
underlying the ash deposit may not have been (‘oinplelely 
sterilized, and may liave served as a .source for the reint roduetion 
of organisms. Food material for these organisms in the .shape 
of organic matter and nitrogen may have been supplied either 
hv the growth of plants from .seeds previously existing in tin* 
underlying soil, the vitality of which had not ho.?n destroyed by 
the intense heat of the ash fall, by casual transport from 
adjacent regions which were not affected by the eruption, and 
to a small extent by nitrogen dissolved by rain. In casual 
transport, the action of water, of wind, and of living (*reaturos 
have been probably the principal factors. Mr. Sands’s evidence 
shows that the plants which first make their appearance are 
usually speaking of a low type ; these are followed in due eourse 
by higher forms, and it is doubtless in this way that the organic 
content of the soil and the dependent biological activities grow up. 

General Conclusions. 

From a consideration of the foregoing data, it seems probable 
that the change from sterile ash deposits to fertile soils proceeds 
slowly in the early stage-s, but that as the content of organic 
matter and attendant biological population increase, the change 
will tend to take place more rapidly, leading ultimately to the 
production of the soils extremely rich in organic matter, which 
are characteristic of the forest lands of the smaller West Indian 
islands. 

In relation to the interval of time which must elapse in order 
to enable this degree of fertility to be obtained, there appears to 
be evidence to show that a similar set of conditions occurred, 
though apparently in a less degree of intensity, at the time of the 
eruption of the St. Vincent Soufri6re in 1812. In the ninety years 
which intervened between that eruption and the one of 1907, 
a degree of fertility corresponding to that which is met with in 
other islands in the West Indies seems to have been estaldished. 
Inferentially, therefore, it would appear that such fertility is. 
under the conditions observed, capable of being established in 
a relatively short space of time; it further seems reasonable to 
suppose that a limit to those accumulations is reached sooner or 
later under any particular set of conditions, and that when this 
is obtained, the losses balance the gain. It appears however, that 
tliere may be ground for believing that under such circumstances, 
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the soil conditions prevailing naturally differ markedly from 
those which are met with under ordinary agricultural conditions. 

The biological factors which are chiefly resjx)n8ible for the 
changes which take place would seem to consist mainly in the 
putrefactive bacteria, nitrogen-fixing bacteria, and the ammonify- 
ing bacteria. On the other hand, nitrificat ion may be very 
largely inhibited, while the normal condition of such soils is 
decidedly acid. Examination of forest soils in Dominica has 
shown that they normally possess a (ionsiderable degree of 
acidity, notwithstanding the fact that they carry a heavy cover 
of vegetation. Information as to the intermediate states which 
exist between those now described and those met with in fosses 
where a heavy cover of forest is present, is lacking ; but there 
seems to be some ground for believing that considerable stores 
of soil organic matter and nitrogen inay be built up under such 
conditions without the intervention of nitrifying organisms. 
The subject requires considerable further investigation, and 
it is not improbable that biological agencies other than those 
cited may also be at work. These points one must trust- to t he 
future to elucidate. 

Summary. 

1. In the foregoing pages information is given concerning 
the characters of three samples taken in 1916 from the ash deposits 
in the Carib country of St. Vincent, which were laid down at 
the time of the eruption of the St. V^incont Sonfriere in 1902. 

2. The areas from which the samples were tak»*n have 
already undergone a fair degree of transformation into soil, and 
are covered with a growth of vines and bp.sli. The deposits varv 
in thickness from M to 18 inches ; tlie samples taken represent 
the thickness of the deposits, hut do not include any of tin* 
original underlying soil. 

3. The samples were submitted to physical and chemical 
analyses, while the shrinkage, lime requiieinent, nitrogen-fixing 
power, ammonifying power, and nitrifying powei- were also 
investigated. 

4. Physically the soils were found to (consist of coarse sandy 
types ; they showra shrinkages ranging between 1 and 2 per cent 
thereby indicating the formation or a certain anumnl of colloidal 
material. 

6, Chemically the soils showed small contents oforgaitii* 
carbon and nitrogen ; they were extremely deficient in calcium 
carbonate j they showed the pi'esence of moderate amounts of 
available phosphoric acid and potash. 

6. Characteristically the soils all possessed an appreciable 
degiH^ of acidity, as evidenced by the lime re<|uirement for 
neuti^lization. 

7. The biological activity of the soils was found to be as 
follows : the v|Uu6 for the figure for partial sterilization indicated 
the existence of a moderate activity in respect of putrefactive 
bacteria. Nitrogen-fixing organisms of the Azotooacter type 

found to be present, and the soils showed small, but appi^i 
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able, nitrogen-fixing power. The soils also possessed appreeiable 
aminoiiiFying power, but were eonipletely <lefi(*ient in nitrifying 
|X)wei‘. 

8. During the fourteen years wliieli Irive intervened between 
the eruption and the date on wdiieb the samples were taken, 
oonsiderable progress has been made in the eonversion of the 
sterile ash deposits then laid down, into fertile soil. 

9. The means by which t his change has been aeconiplished 
are briefly disoussed, and t he relationships indieated thereby to 
the origin of the very rich soils charaeterist ie of the Forest lands 
of the West Indian islands, are considered. The acid condition 
of the soil and the absenco of nitrification are alluded to, and tin* 
possibility of such soils being built up without the active inter- 
vention of nitrifying organisms is indicated. 

In conclusion 1 desire to express my thanks to the following : 
to Mr. W. N. Sands, Agricultural Superintendent, St. V^incenl, 
for assistance in the taking of the samples and supplying infor- 
mation (concerning them ; to Mr. K. L. Harrison, H.A., B.Sc., 
Science Master at the Antigua (Grammar School, for the 
j^erformance of a considerable share of the analytical work : and 
to Mr. E. F. Shepherd, Junior Assistant at the Laboratory, foi* 
help in the same connexion. 


THE ‘ OALL PATCHES ' IN ANTIGUA SOILS. 

HV H. A. TRMPANV, D.S< . (J.OND.), h .I.C., P.C.S., 

Government. ( -hemist and Superinlendeut of Agricnltniv 
for the Leeward Islands. 

Jn a paper on the Soils < if Antigua piiblislied in the IVes/ 
Indian Bulletin, Vol. XV, No. 2, attent ion was dii'cct tid by rhe 
writer to the occurrenc(* in the limestone district of Antigua of 
localized areas whicli arc unahlc t(» grow sat.isfacctorv ci ops of 
sugar-cane, (commonly known among planners as * Gall I’atches 

It; was pointed out that thes«c patches are usually rougjily 
(circular in outline; that in area they do not generally exceed 
,V,-acre (although larger patches anc occasionally met with) ; 
and tliat canes planted thereon usually assume a (characcteristically 
etiolated^ appearance, and frecpiently die out aft er* a time. 

Practically all crops show etiolation when grown on thes(* 
patches, but some plants, notably cott(jii, are much less susceptible 
to unfavourable innuenoe than is sugar-cam*, and are rcapalrle of 
being grown thereon witli fair snecess. 

In the paper* in question, data for the chemical and physical 
examination of soils from two typical gall patches were arWuced. 

* It has been customary to use the term ‘etiolated* in connection with 
plants growing on gall patches, but, strictly speaking, the correct term to 
employ would appear to be ‘ chlorotic'.— -/W. W.I.B. 
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It waft shown that in physical composition they exhibited n<» ap- 
parent difference from the ordinary run of soils encountered in 
the limestone area, while cliemical examination revealed that the 
most fttrikiiig feature was the relatively very high content of 
rxitash and soda soluble in 20 per cent, hydrochloric acid at 
iKiiling temperature. 

Definite evidence was further brought forward to sliow that 
gall patfjhes were not due. as had been suggtfsted, to the 
presence of excessive amounts of lime salts in the soil, inasmuch 
as in the case of tlie soils from the two gall ]>atches examined, it 
was shown that the actual content of calcium carbonate amounted 
only to 3*55 per (3ent. and 2*S0 pu* cent., respf»ctively. 

The suggestion was put forward that gall patches might 
represent points at which saline material had been brought to the 
surface from deeper levels, and that the effect o))served might bt* 
due to the accumulation of these saline materials in the surfact* 
layers, combined with the forniation therefrom of alkaline car 
honates by reason of interaction between calcium (carbonate 
contained in the soil and subsoil, and sodium chloride dissolved in 
the soil waters. 

On the suggestion of a planter working estates in the 
vicinity of the island in which gall patches are of f l eqnent oocni*' 
reiice, it was decided earl3^ in 1916 to follow up the work already' 
performed, and to attempt definitely to settle the (piestion of the 
origin of these areas. 

For this purpose iiivestigatioiis were made on two laige gall 
patches situated on an estate in the north-eastern district of the 
island. The investigations in question comprised: (1) examination 
of the soils by chemical methods ; (2) culture experiments in tubs 
with soil taken from a gall patch ; (3) examination of canes 
growing on ^all patches and blowing characteristic etiolation ; 
and (4) examination of the soil in respect of certain biological 
characters. 

In investigating the chemical characteristics of these gall 
patches, compansons were effected between the soils of the 
gall patches tliemselvcs and those from the regions immediately 
adjoining them, which were bearing luxuriant crops of cane at the 
time the samples were taken. The samples were in all cases 
drawn by means of a soil auger to a depth of 12 inches, and in each 
case a number of individual samples were taken and afterwards 
bulked. 

The soils were in the fii*st place examined in respect of the 
contents of nitrogen, organic carbon, and calcium carbonate. The 
results are given below : — 

Gall Patch ‘ A \ 

Soil adjoiuiiig 

(.'onsiit limits Suil fix>m galb patch. gall patch. 

Nitrogen 016 per cent. 

Organic oarbon ... 204 „ „ 

Equivalent bumns 3‘52 „ „ 

CbQoinm oatbonate 19*2 » „ 


017 per cent. 
400 
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GALt. Patch ‘ B 

I Soil adjoiuiui; 

Constituent. ISoil from gall patch. gall patch. 

i 

Nitrogen ... 014 per cent. 015 per cent. 

Organic carbon 2*83 ,, „ 3 52 „ „ 

Equivalent huiniis 4*88 „ ,, (5 07 „ „ 

Calcium carbonate ‘ 13*4 „ „ 14*8 „ „ 

It will be ob.served that in respect ol* the above I'nctors, the 
gall patch soils do not show any marked (liffereiu;es trom those 
adjoining the gall patches and producing good crops of (taiie. It 
is however to be noted, that both in the case of nitrogen and 
organic carbon the soils adjoining the gall patches contain some- 
what larger amounts than do the gall patches themselves. The 
results further give conclusive evidence that the effect is in no 
way directly attributable to excessive amounts of calcium 
carbonate. 

In relation to both gall patches ‘ A ’ and ‘ U *, investigation 
was made of the soil solution obtained by extracting known 
quantities of soil with successive amounts of distilled water. 

It was found that this method of extraction constituted the 
only siitisfactory way ot deteriniiiing the total amonnts of soluble 
salts, owing to the fact that the soils posses.sed oonsidiu’able 
adsoiqitive power, and a system of single extraction gave amounts 
too small to be capable of acjcuratii determination. 

To exemplify this, the following data may bo (juoted : lOO 
grams of soil from gall patclies* ’ ami ‘ 15 , and equal amounts 
from the samples taken from the adjoining an^as wer»* ex(<racted 
once witli hot distilled water for six hours on tlu^ vval(*r hath with 
constant shaking. At the end ol that time t lic pm* centy, of soluble 
matter exti'acte 1 from tlie soil was iotind to he as folio w.s, (h«’ 
results being expressed a^ a percentage of Uie soil itself : — 

Gall Patch ‘A . , G.all Patch ‘ B 

Soil from gall piteli. | Soil adjoining Soil from Soil adjoining 
1 gall patch, gall paUdi.j gall i)atcli. 

Total soluble mailer, ^ j 

per cent. *12 '13 ‘12 , *i2 

In contrast to these ligures the following data give the values 
obtained for the total soluble matter when extraction was 
performed in the cold by succft.s-dve quantities of distilled water 
for a period of a week, as stated above ; — 

Gall Patch ‘ A \ j Oall Patch ‘ B 

Soil from gall patch. Soil adjoining j Soil from Soil adjoining 
gall patch, jgall patch, gall patch. 


Total soluble matter, 
per cent, on soil 0*48 


•32 


0*31 


0*25 
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It will be seen that in both these cases the gall patch soils 
show a considerably higher content of soluble matter than do the 
soils adjoining the gall patch. Further information was obtained 
in this connexion by af>proximat(^ determination of the com- 
position of the dissolved mineral matter in the case of the soil 
solution trom gall patch ‘ B ’ and I'roni the adjoining region of 
this gall patch. 


Soil Solution. — Gall Patch ‘ B 


Constituent. Soil from gall patch, Soil adjoining gall 
I per cent, on soil. patch, per cent, on soil. 


Calcium carbonate 
Sodium carbonate . . . 
Sodium chloride 


0*57 

•no 

•012 


•102 

•048 

•010 


It will he seen that the most striking difference consists in 
the large amount of soluble sodium carbonate contained in the 
soil solution from the gall patch, thus bearing out previous ideas 
in this connexion. 


In order to obtain further information as to the charactei- 
of the soil solution likely to be obtained from normal soils in this 
region of the island, a similar extraction was performed on 
a sample of soil taken trom the same district which showed no 
evidences of gall patch, and which had borne a datisfactory record 
in respect of crop production for many years past. The data are 
given below 


Total soluble solids 
Calcium carbonate 
Hodium cliloride 
Sodium carbonate 


0'356 per cent, on jaoil. 

0120 .. 

0071 „ ,. „ 

0042 


From the foregoing it would appear probable that the 
soluble sodium carbonate in the soil as determined in this way 
may i^each as high as 0*05 per cent, without ill effects being seen. 

To check these deductions, the attempt was made to ascertain 
t he effect of the removal of this soluble matter on plant growth. 
Accordingly an expenmeiit was earrie<l out in which canes were 
grown in tubs containing soil from gall patch * A \ The tubs 
were set up as follows : tlie first tub \^'aH provided with 
a thorough system of drainage at the bottom and filled with 9oil 
from the gall patch ; the soil in the tub was systematically Hood- 
ed with rain-water twice a day for a |»eriod of one week ; such 
a form of treatment corresponds fairly closely to the extraction 
as performetl in the laboratory, the results of which have already 
been recoi’<ied, and by iiieaiis of it Hinuiints of soluble matter may 
be presumed to liave Ixhmi removed approxinmtely ecpial to those 
taken out in the labtiratory extraction. The second tub was 
not provided with drainage, and was Hlled with soil from the 
gall patch without any ti*eatiuent. In imth tubs thi*ee cane 
plants weiv planted, the variety selected being B. 1590. 

The moisture content of both tubs was cai'efully eonti^olled, 
min-water being added as required to maintain the optimum 
moisture cor^tion. Arrangements were made tor putting the 
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tuba under elielter at nij^ht and during times when rain was 
Tailing ; at other times both tubs were exposed to direct sunlight. 

During the early stages ot* gi-ovvth no marked difference was 
seen between the two tubs, except that the canes in the untreated 
tub did not gerniinate ijuite so early as those in the treated 
t ub. Otherwise, groNvbh in both cases was (jiiite normal. 

After the first four weeks however, the canes in the untreated 
t ub began to show distinct signs of etiolation, which became 
quite marked by the end of the second month. At the end of 
four months the canes in the treated tub were making normal 
growth, while the canes in the untreated tub were markedly 
etiolated and dying out, showing the appearances characteristi- 
cally seen in the case of canes grown on gall patches in the lieid. 
The appearances of the tubs after four months’ growth are 
illustrated in the accompanying photograph. 



Fia 1. 


A. < tall patch .soil washed out with successive tioodin^s of rain- watoi* tor 
one w'eek. 

B. Untreated ifidl soil. 


Flutlier coiToburativc inlormation on the subject- was 
nbtaiued from the ('hemi(jal examination of the leaves of canes 
growing on gall patches, a)id confirmation of the results already 
addticed is giv^ii l»y the following partial analyses of leaves 
taken froJii eliolate<l cnuies growing on gall patch ‘B’ as 
compared with the leaves from healthy canes growing on the 
adjoining land. 

The results have been calculated to the water free basis. 
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Constituent. 

Nitrogen 

Ash 

Organic matter 

Chlorine 

Phosphoric acid .. 

Lime 

Hoda 

Potash 

Magnesium 


Leaves from gall patch 

0-79 

12*4 

87*6 

1*77 

0*45 

0*77 

2*20 

3*14 

0*53 


Leaves from healthy 
canes adjoining 
gall patch ' B 

0*80 

9*4 

90*2 

1*31 

0*22 

0*77 

0*77 

1*89 

0*08 


Examination of the above data shows that the ash content 
of the leaves of the canes grown on the gall patch is considerably 
greater than that of the leaves of the normal cane ; the difference 
is especially marked when one compares the content of potash 
and soda of the leaves from the canes growing on the gall patch, 
containing nearly three times as much soda as do those of the 
normal cane plant. These results give valuable independent 
corroboration of the <;onchisions already arrived at. 

It is of some interest to record that a moderately well'giown 
cane showing characteristic etiolation was crushed, and the juice 
compared with that of a normal healthy cane of about the same 
age growing on the adjoining area. The results are as follows : — 


! 

Jniw f)t' (ttiolated uane. 

Juice 0 

Total solids 

1*363 lb. per gall. 

i 1-755 

1 

Sucrose 

0 939 „ ,, 

; 1-236 

Qluoose 

0-210 .. „ ., 

0-201 

Glucose ratio ... 

22-4 „ „ „ 

i 16-3 

Purity 

68-9 

; 70-4 


»» »» 


As is to be exited, the abnormal soil conditions appear to 
have seriously interfered with metabolism. 

In relation to the bacterial activities* of gall patch soils, some 
investigations were made into the question of the lime require- 
ment for Piurtial sterilization, the significance of which a 
measure or biological activity has been called attention to in 
another oommonication in this number of the Bulhim. Measure- 
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ments of this description were carried out on tlio soil troiu ^all 
patch ‘B’, and on the soilhearin^ healthy canos ad joinin^Mlio 
gall patch, and also on treated and mitrealed soils IVoni gall [>aleh 
‘ A * in the tub experiments already desoi ibrd. 

The results are given below : 


1 

1 Soil from ! 

Soil 1 


1 gall^atidi 

adjoining | 

Lime 

added 

gall patch ‘B 

per 100 

(1) 


grams 

c.c. acid 

c.(?. acid j 

soil. 

required for 

requirt'd for ! 


neutralization. 

neutralization.; 

•16 

17*1 

10-8 

•32 

31-2 

304; 

1 

•48 

lO-o 

I iHi; : 


U 111 icatcd 

soil 

Soil from 

from 

i 

f)atch ‘ A 

gull patch ' 

A *. 

washt'd will 



rain-water. 

(3) 


(1) 

'■ 'i' 

•id 

c.c acid 

rt‘(juirc(l 

lor 

ir(|uirc<l foi 


iRMil ralizat ion. pout rali/atioi 

IS 

I2‘i) 

[:\2 


•()4 ... i ()7*S , 58*2 ilOt; 

; i 

The construction of (Uirves has shown t hat in tin* casi- ol' No. I 
in the above table, the tairve shows no evidiUKteol' t ho exist once* ol 
a transition point ; No. 2 shows a di.stin(*t transition point uIh'Ji 
*16 gram of lime has betMi added, No, 3 shows soim* o\i<lonc<‘ oT a 
transition p int but less marked tlian No. 2, whih* No 1 shows a 
very marked transition point. 

The detern\ination.s were porforimHl on Nos. 3 and I t-ho saTiio 
months after the soils liad been placed in tn))K, and tliis may have 
iiifluence<l the effect in the ease of No. 3. 

In any case the results appear to indi(;ale Unit tiio prosonoc 
of excessive amounts of alkali (air*])oiiato.s in t !io soil h is t h<‘ clf.ct 
of retarding the action of putrefactive bacteria n^spoiisihh* lor 
the decay of humus. 

Measurements were also made of the nitrogcndixing powo* 
of soils from gall patch ‘ A ’ and the soil adjoining, hy Uni usual 
method of inoculation into sterile Aslihy ciiltin i^ solut ion, nculia 
tion for eighteen days and sulxsecpient determination of tin- 
nitrogen content of the inoculated solution. The i-(isults ai e as 
follows ; in both cases they are the means of duplicate det<‘i*Nn- 
nations : — 

Milligrims of nitrogen llxc<l per 
gram of soil. 

Gall patch ‘ A ’ 6*48 

Soil adjoining gall patch * A * 4*74 

It will be seen that in this case the presence of alkali cjirhon- 
ates it) the soil does not appear to exert any inhibiting <‘II'cct, on 
the activity of Azotobacter. 

Tlie foregoing data appear to show witli reasonable idcai jiess, 
that the efifect in question is due to the presence in the soil of 
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excessive quantities of alkali carbonates. The origin of these is, as 
has been slated, probably due to reaction between saline mineral 
matter brought from lower levels to the surface soil with 
calcium carbonate contained in the soil and the underlying 
strata. The existence of these saline strata inteibedded with the 
rocks of certain levels in Antigua has been demonstrated in the 
paper )>y the writer on ‘The Ground Waters of Antigua’ {\Vei<t 
ludinn Jiulletm, Vol. XI V", p. 281 ), where it is also shown that these 
saliniferoiis beds otitcrop along a line running from north-west 
to south-east of the island, and <lip under the limestone strata 
of tlh: north eastern area. The reason for tlie localization of these 
alkali deposits may be due to breaks in the continuity of the 
impervious hottom layer s<‘paratiiig the calcareous from the Under- 
lying iion-(jalareous strata ; or, on the other hand, it may be 
attributable to specific lo(;alization dependent on variations in 
the physical texture and chemical composition of the soil and 
underlying rocks. 

Wliilc ili(^ cause of gall patches may be regarded as eluci- 
dated with a fair degree of (dearness, their removal or amelioration 
nmiains a [)rol)lem presenting many difrienlties. TJie installation 
of a large-scale system of irrigation might possibly enable the 
problem to be dealt witli to sonu' extemt, while it is also ])ossible 
that some improvement- is capaide of being etfected by means of 
applications of ('aleium sulphate. On the other hand, under 
present (umditions, the outlook for improvement (aiiinot be 
regarded as very hopeful. 


SUMMAHV. 

In the foregoing papeu* the origin of areas which ai’o incapa- 
ble of producing satisfactory crops of cane in tlie limestone 
district of Antigua is discussed. 

2, The (juestion had already been considered in a jiaper by 
the writer on the soils of Antigua, in wliudi it was shown tliat the 
clfeet in (juestioii was not due to physical abnormalities or to the 
presence of excessive amounts of calcium carbonate in the soil. 
Glunnical analysts of such soils show that they contain large 
amounts of alkali solubk* in hydrochloric acid. The suggestioii 
was then put forward that the result was probably due^^o the 
px’escnce of stxiiuiu carbonate in the soil. 

3. Further investigations have fully (jonfirmed this \dow. 
These investigatious liave comprised examinations of the water 
extract from gall patch soils, the cultivation of canes in tubs con- 
taining gall patch soils, which in the one case was untreated, and 
ill the other had been thoroughly washed out with rain-water ; the 
examination of the leaves of etiolated cane plants growing on gall 
patches in comparison with leaves from healthy canes ; and the 
investigation of certain biological activities of gall patch soils. 

1. The results indicate clearly that the eft’e(?t in question is 
due to the presence of sodium carbonate in the soil The origin 
of this sodium carbonate is attributed to interaction between the 
Ciiloium carbonate and the sodiutu cliloride dissolved in soil water, 
and brought up from saliniferoiis deposits at deeper levela 
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A NOTE ON THE LIME REQUIREMENT OP 
SOILS FOR PARTIAL STERILIZATION 
PURPOSES. 

l\Y H. A. TEMPANT, D.Sc.. (LOND.), F.O.S., 

Government Chemist and Superintendent oF Agriculiuro 
for the Leeward Islands, 

H. B. Hutchinson and K. MacLennan have recently shown 
that one of the results of the application of (jaustic lime to st)il.s, 
is the production of a partial sterilization ellecil analojijous to 
the action produced by heat and antiseptics. 

Jn a recent paper piddished in the Jonnutl of AijrictUt oral 
Science^ they have adduced a method oF measurin-^ in tJi(» 
Laboratory the amount of lime whicdi reejuires to be ad(ied to 
any giv€ui soil in order to produce the effect in <)Kestiou, and liave 
correlated the results thus obtained with oi»scrvatioiis made 
in this respect on the same soils in the lield. 

The lal)oratory method of llutcihinson ami MacLcnnan as 
desra*ibed by them, consists essentially as follows : — 

‘ The method originally adopted, and to whi(di we have 
adhered throupjhoul, is baaed on the determination of tlio 
minimum amount of lime reepured to render tln^ soil wat<*r 
distinctly alkaline, and is as bdlows : lOt) ^ram lots oF the. aii*-dry 
soil to l)e tested are places! in bottles oF about^ 2ot) c.v,. (japacit y ; 
a(;ctordin^ to the character of the soil ^whetlna* poor or i*i(?b, 
light or heavy), a numb(*r of dressings of calcium oxide ar(‘ 
then made, rising by imavments oF t)*l gi'.am to 1*0 p<‘r (tent., or 
increments of 0*2 gram to 2(1 per c(‘nt., oF the weight of tint soil. 
Sufficient water (50 c.c.j is added to moist(Mi the soil ; tint bottles 
are then tightly cork(*d and shaken f(»r a Few seconds at intervals 
for a definite perio<l. This p(*rio(l is g«*ner;dly tw(uity-Four bonrs, 
hut actual comparisons have shown, that tin* amount oF (tbange 
between four and twenty-four hours is oidy slight. At th(‘ tmd 
of this time the contcjiis of the bottl(‘S an* tlnm transFeried to, 
and waslie(J in, a Ihicliner funnel with a Further 20t) (t.e. of water ; 
the whole of the filtrate is then titrated with acid, using pinmol 
phthalein as indicator. 

‘Within the range of applications made in the above nianmu’, 
it will genei*ally be found that a ])oint is reached wliere tin* 
reaction of the filtrate is distinctly alkalim*, and the r(‘sults of 
other investigations have shown lliat where tlic alkalinity is 
such that 5-10 c.c.t of fa acid arc re(|iiircd to neutralize the whole 
of the filtrate, this may^ be taken as the limit, to which (jalcmm 
oxide must be applied to the soil in order to produce the best 
results.* 


* Journal of Agricultural Scirncft Vol. VJI, Pari J, p. ITt. 
t In view of the fact that in Dr. Teinruiny's method, deHeribed later, 100 (r.r. 
of solution equivalent to 1C *33 grams of soil is titrated against ,^ ueid, it 
follows that the ninge in that method corresponding to the tiguies given by 
Hutchinson and MacLennan is 4-8 c.c. 
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During the. past twelve months a number of observations 
Imve been conducted on similar lines in the Government Labora- 
tory lor.tlie Leeward Islands. After a certain amount of 
experience of the method as described by Hutchinson and 
MacLennan, one or two difficulties were encountered in applying 
it under laboratory conditions, and certain modi K cations in 
manipulatory details were introdiuied. 

The dilTiculties consisted essentially in the filtration and 
washing of the soils, which, in the method as originally described, 
proved to Vie almost impossible of satisfactory attainment, 
especially in tlic case of heavy soils from the Leeward Islands. 

The method as finally adopted, was as follows : — 

Porticuis consisting of 50 grams eac;h of air-dry soil were 
{ilaced in wide-mouthed stoppered bottles of capacity of about 
000 c.c. To each of these lots of aoil were added weighed 
amounts of lime, incjieasing in quantity from 0*1 to 0 5 gram 
CaO, the lime being thoroughly mixed with the soil. To each 
lot of soil trciited in tliis way 25 c.c. of water were added, the 
stoppers of the jars inserted, the jars thoroughly shaken until 
the (!on tents had become more or less uniformly distributed 
over tlie sides and bottom, and then allowed to stand for eighteen 
hours. 



O'lfi 


Fig. 1. 

( ii-ftins lime i>er 100 crain.^ soil. 
0-32 0-48 


0-64 


JUustratin^ tl»»' effect of the addition of increasinir amounts'^of lime on 
tl»e noofnilation of the su.'ft|>ended clay. 

<^f that time 275 c, c. additional water were 
added to tlie contents of each jar, and the jars allowed to stand 
until the 8U8i.)eiided soil had setMed out ; 100 o. o. of the 
supernatant liquid were then pipetted off and titrated against 
ijf hydrochloric acid, using phenol phthalein as indicator. 

The results are plotted in the form of a curve, the number of 
0 , c. of ^ acid required to produce neutrality forming one ordinate, 
and the correaponding weight of lime added, the other. The 
point at winch partial sterilization occurs is indicated by a ohanee 
in the slope of the curves, and has been termed by Hutchinson 
anti MacLennan, the transition point. 
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These workers have further pointed out that in tlio method 
as worked bv them, indication of tlie o(‘eurrenet‘ of tlie transition 
point could he obtained from tlie degree of lloceulation of the soil 
compounds suspended in the soil water, and was susceptible 
of measureineut from the time r»^quired for tlie lilt ration of 
a definite amount of wash water. 


This was borne out in results obtained by the modified 
method, the point at which partial st-erilization occurs being 
indicated by the almost complete subsidenct* of all suspended 
material after two hours’ standing ; when, on the other hand, the 
lime added is insufficient to produce partial sterilization, ilooeula- 
t ion does not occur, and the supernatant liquid remains turhid. 
This is shown in the accompanying photograph. Figure 1. 

The results obtained in the case of fourteen soils from varicms 
parts of the Leeward Islands are given in the following tahli*. [he 
results for Nos. 1, 1), and It), being also displayed graphically 
in Figure 2. 

In addition to the numerical results, .the degree of tiirhidity 
of the supernatant liquid is also indicated in the majority of 
cases with the object of showing how far the transition point, is 
capable of being ganged from the appearanei* in this connexion. 

Ill the table 


V. T. denotes Verv turhid 


T. 

S. T, 
C. 


(irams 
(JaO per 
100 grams 
soil. 

No. 1 ■ 

c.o. f, Turhid- 
acid.^ ity. j 

■16 

6-6 

V.T. 

•32 

se-o 

S.T. 

•48 

71-4 

C. ! 

•64 

1123 

c. , 


Turhid 

Slightly t urhid 
t^lear 


No 2 

acid. 

Turhid* 

ity. 

No. 

cc ^ 

' '’"no 

acid. 

fi 

T. 

7-8 

27*0 1 

C. 

2:k4 

I8-fi ' 

1 

<*'. ! 

' 'I8‘0 1 

702 1 

1 

70*2 


rurhid- 

ity. 


S.T. 

a 


^Number of c.c aci<l required to neutralize lUO c.c. of filtrate equiva- 
lent to 16*33 jpuros of soil used. 




Tiirbiditv. 
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In the above results Nos. I to 6 represent soil samples taken 
from can€^ and cotton fields in Antigua and St . Kitts in gotul 
heart, and producing satisfactory crops of cano or cotton. No 7 is 
from a cane field in Antigua in which canes wore not doing well. 
No. 8 is from Nevis. Nos. 9, 10, 11, 12, and 18, are soils from 
the Botanic and Experiment Stations in Antigua, Montserrat, 
and St. Kitts, which had probably been highly manured fiom 
time to time, while No. 1 1 is from copse land in Antigiia, which 
had not been under cultivation for at least fiftvjyears. 



l.iiiic affderf, percent. 

Fig. 2. 

Selected curves sln)wing Transition P(»int in partial sterili/ation. 

Examination of the figures and mirve-s for Nos. 1.9, and 10, 
will show that the transition point is reached in the case of 
Nos. 1 to 6 when an application of *16 gram of lime per 100 
grams of soil has been made ; in the case of the other examples, 
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the amount of lime requiring to be added to effect partial 
sterilization is greater than this. Comparison of the numerical 
data with the results obtained in respect of turbidity shows that 
this factor gives a reliable indication of the end point of the 
reaction in almost all cases. 

The results are similar in general character to those adduced 
by Hutchinson and MacLennan, and generally corroborate them. 

These workers have shown that a close correlation can be 
observed between the laboratory results and the data obtained 
from application of the theoretically indicated amounts of lime 
required to produce partial sterilization in the field. Experi- 
ments are now in progress designed to ascertain the correlation 
between laboratory results and tub experiments, the results of 
which will be reported in due course. 

Ill general, the method appears likely to possess special value 
as a means of obtaining information regarding the biological 
activity of soils in certain directions. 

The rationale underlying the process is not very clear, but 
would seem to be that wlieii insiifncient lime has been added to 
t he soil to effect partial 8t(3rilizatioii, the action of the putrefactive 
bacteria of the soil resulting in tb ' liberation of carbon dioxide 
leads to the neutralization of a portion of the lime which has 
been added to the soil ; when, on the other hand, sufficient lime 
has been added to the soil to effect partial sterilization, liberation 
of carbon dioxide is inhibited. 

Calculation of the total amount of lime present in solution 
at the different points will show that it is always considerably 
below the total amount added to the soil. This is no doubt due to 
adsorption of lime by soil colloids, since the increase in alkalinity, 
especially after the transition fioiiit has been reached, indicates 
the existence of a linear relationship between the total amount of 
lime added to tlic soil and the quantity passing into solution. 
The actual slope of the curve will vary in individiial cases, and 
gives an indication of the adsorption power of the soil. 

In conclusion it may be added, that when the end point is 
judged by tlie turbidity, the method presents no difficulties in 
its performance by any intelligent person, and appears to offer 
considerable possibilities of usefulness as an easy means of judging 
the condition of soils in practice, once the necessary standards 
have been erected. 
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From .the foregoing results it appears that the soils examined 
require the following quantities of (|iiiciklime per acre to effect 
partial sterilization to a depth of 1 foot ( ^ 500,000 lb. soil). 


i 

Soil No. 

Tons of 
quicklime. 

Soil No. 

Tons of 
(|iuckliine. 

1 

2-5 

8 

5 0 

2 

2-5 

9 

7-5 

3 

2-5 

10 

50 

4 

25 

11 

5 0 

5 

2-5 

12 

25 

6 

2-5 

13 

2-5 

7 

2-5 

11 

2-5 


SUMMAUV. 

1. The results are desciihed in detail of tlie oxainiiiation of 
fourteen soils from the Leeward Islands] in !•esl)eut of tlio lime 
requirement for partial sterilization. 

2. The method followed is that described by Hutchinson and 
MacLennan with some modifications, the most important of which 
consists in a simple device for ascertaining the end point by 
means of the relative turbidity of the supernatant soil water. 

3. The method appears to be capalde of aflbnling valuable 
information respecting the biological activity of certain soils. 

4. In the concluding section the rationale of the [irocess is 
briefly discussed, together with the probable connexion existing 
between the actual amount of lime passing into solution and 
the absorption due to soil colloids. 
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THB FUNGI OF INTERNAL BOLL DISEASE. 


BY W. NOWELL, U.l.C., 

1 

Mycologist on the Staff of the I inperial Department of 
Agriculture for the West Indies. 


The publication by Mr. A Ibert Schneider® of an account of 
a fungus found in tomato fruits and closely resembling Nematon- 
f)ora Conjli, Peglion, makes it d^^sirable to give a preliminary 
account of certain fungi, including a species closely resembling 
that described by Schneider, which occur in green cotton bolls in 
the West Indies. The forms referred to are four in number, and 
are connected by certain special features which seem to imply 
a close relationship between them. Taken singly these organisms 
are difficult to place in the fungus groups at present recognized ; 
and when taken as a series the difficulties are increased. It 
would seem that the facts regarding them will be of considerable 
iraportan(!e in futur«* discussions of the laxonomv of the simpler 
fungi. 

The necessity, in tliese circumstanctjs, of making the observa- 
tions as complete as possible, and of referi'ing tiilly to the literature 
bearing on the subject— a slow process at present owing to the 
difficultie.s ol eomnnuiication — leads me to refrain from offering 
more than the outlines of an account of the observations made. 
The figures given are not meant to be more than diagrammatic . 
careful drawings have been made which it is hoped to publish 
later in a botanical journal. 

In previous not es ‘ , of the nature of progress reports, 1 have 
given some account of the internal boll disease of cotton. This 
affection, in its more <Hrectly economic aspects, will form the 
subject of a paper which is intended for early publication in this 
Journal. It will suffice to state now, that it is regarded as proved 
that gross staining of the lint in unopened bolls, often 
followed by more or less rotting of the boll contents, which eon- 
slitutes this disease, is due to infection which takes place as a 
conse(juence of the puncturing of the wall of the boll by plan! 
bugs, mainly Dijndfsvvm spp. and Ne::ara riridula. The infectiog 
organism, in tlio great majority of cases, is one of the four fungi 
mentioned above. There are also infectious due to one or more 
npecies of bacteria, the proportion of this type being usually rather 
low, but in certain cii*cumstance8, apparently connected with W’et 
weather, becoming greatly increased. 

Infectious with the fungi concerned may apparently take 
place at any stage after the boll is well established, and the effect 
produced vanes accordingly. In late cases only a local yellow 
patch IS found on the lint ; in early cases the whole contents of one 
o' carpels may be rotted ; and there are all stages between. 
Bolls ai*e most commonly esamined when they are approaching 
maturity, and at this stage the fungus is often reduced almost 
eniutily to spoi’ew. In otner cases (me hyphae (of the first three 
f onus) are loimd growii^ Wgorously in and amongst the lint 
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on the seed coat, and more rarely the formation of sporangia is 
abundantly in evidence. The sporangia of the hyphaf forms are 
usually readily formed on exposure of the contents of an infested 
boll in a moist chamber. All the forms have been held in culture 
on agar m^ia for some months, and typical reproduction is 
obtainable in one ivay or another. 

Theapecies may conveniently bo referred toby letter, peudint** 
further consideration as to their systematic position. ” 

I haVe learnt from correspondence and exchange of cultures 
with Mr. S. F. Ashby, Microbiologist in the Jamaica Department 
of Agriculture, that he has independently discovered species A 
and D in cotton bolls in Jamaica, and from a report by Mr. A. W. 
Bartlett-, sometime Government Botanist in British Guiajja, it 
appears certain that he obtained species A, and probable that he 
saw the spores of C or D, from cotton bolls in that Colony in 
1907. 

In the earlier stages of the investigation, before the varying 
types of sporangia were seen, the spores of forms A and B, and 
those of C and D, were not clearly differentiated, so that observa- 
tions made then as to distribution are indefinite. Kxamination 
of a large selection of bolls, made over a (^onsKhjrablc period, 
will be necessary before the distribution of the forms can be 
adequately stated. Tlio localities given are those which have been 
confirnied since the four forms wore defiiuHl. 


/ 



SPECIES A. (Figure 1.) This is at the present time the 
dominant species in the end-of-the-season infestation at the Ex- 
periment tStation at Kingstown, St. Vincent. It was abundant 
there in January 1916; in October 1916 on the new crop it 
appeared to be absent from the Experiment Station, tlu*^ domi- 
nating infection being bacterial, with perhaps JO per ijent. due to 
species D. At the same time a collection of about BX) affected 
bolls from a district near Georgetown showed about half of the 
infections due to this species, the remainder to bacteria. 
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The hyphae vary from fine to very coarse, are hyaliitb, non- 
septate, and branch almost entirely by regular dichotomy. In 
some states, seen both in cotton bods and in bultures, small single 
bud'iike projections are formed at fairly regular intervals along 
the older hyphae. The sporangia are simple expansions of the 
hyphae separated by a septum ; they may occur intercalated 
singly or in chains, but are more frequently terminal. Usually 
a short length near the tip of the hypha remains unexpanded, 
but this may bo absent and the sporangium have a rounded end. 
The spores are very numerous, and have not been seen to have 
any regular arrangement. They are unicellular, falcate, and aipe 
provided with a tluckeued rib which extends from about the 
middle to one end, where it projects in a fin® point. They are set 
free by the solution of the sporangium wall.* It is at this stage 
they are most commonly found in maturing bolls, adhering in 
masses to the lint fibres. The spores germinate by sending out a 
single stout germ-tube, most commonly from near the middle of 
the convex side, but occasionally from any other situation, includ- 
ing the tip. 

The sporangia ai*e very variable in size, commonly about 
90 X 10 microns ; the spores measure 18 21 x 2 - 2*5. 



yPEt'iHS B. (Figure 2.) This form was obteined from Tortola, 
Virgin Islands, in the 1915 season, and from 8t. Kitte in January 
1917. It appears to correspond exactly with Kremoth^mm 

n/mbalari(te, Borzi, tound '"fa® 

Linaria Cymbalariu, and in France by O. Arnaud in 190o-12 m 
the Iruite of Cac/n-ys laevigata. 


•InthiB. as in the thioo following .peoies, the waU of the sp(^giuiii, 
which to at first as aistioct as that of *e hypha from which it i. I^ormed, ipowa 
ranidiy mow indistinct after the spores are mature^antil it bwmim imni»- 
ibis* th oaa aowetiiues ha seen, in a fresh mounti reduced to extreme thiaiMns. 
aad torn. 
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The hyphae closely resemble those of species A above, and 
are extremely regular in their dichotoinous branching. I have 
seen no septae, as mentioned by Aruaiui, ex(*ept in connexion with 
the separation . of the sporangium, and have observed the 
protoplasm streaming for long distances Ihrongli tlio branched 
hyphae. 

The sporangia differ only in shapt' fiom those of tlie last 
^ecies, in conformity with the difl'erenc(? in spore formation. 
The spores are formed in two conical bundh's, llunr broad ends 
interlocking. 

The spores show a segregation of tlieir (‘ontents, denoted by 
the deeper staining of a definite section towards the blunt eml. 
but 1 have failed to see any septum. In germination this end 
swells into a sphere, from which one or two stout genu-lubes 
grow out. 

The spores, from the West Indian sonnies indicated, measure 
very regularly 13*5 viicrom. 

SPECIES C. (Figure 3.) In a coiisiderahle (piantity of mate- 
rial obtained from Montserrat towards the end of the 
season nearly all the bolls were infected with this species. Oilier 
fungi were not seen, the remaining inrections being bacti*rial. 
The same form has also been obtained recently from Nevis and 
Antigua. 




The vegetative hyphae as seen in tlio bolls are in general 
indistinguishable from those of species A and B. They exliibit the 
same cnaracteristic tendency to regular bifurcation, and are 
almost or entirely without septae. In tins condition tliere ar(^ 
often, as in species A, small bnd-like projf*ctions along the conise 
of the hyphae, but as observed so far, these have been somewhat 
more elongate than in that species. Th(* hvphae as in the 
two previous species often occur within the lumen of the f oitoii 
fibre, and in this species sporangia are .sometimes formed in that 
situation. 

In cultures, especially when sporangium formation is active, 
there is a tendency for the hyphae to become remotely septate, 
and for a development of laterab branches which ob.scufes the 
diobotomoua habit 
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The sporangia are formed as in A and B by the expansion 
of seotions of hyphae, which became separated by septae. Com- 
monly, wlien fruiting ensues upon a period of vegetative growth, 
the hyphae are almost completely converted into chains of 
sporangia. The expansion may be considerable, so that the 
sporangium has the form characteristic; of species A, or it may be 
HO slight as to be scarcely noticeable. Examples which represent 
1 he extreme of the latter type contain only one pair of spores. 

Tlie spores clearly belong to the highly peculiar type of 
Peglion’s Nemotospora Coryli, of A maud’s inacrospores found in 
association with Kremotliecium vymbnlm'iae^ of Schneider’s Nema- 
iospora Lycopernici^ and speeie.« D of this paper. They are 
described below in comparison with those of species D. 

They are formed in two equal opposed bundles in each 
sporangium, joined by a thread formed of their combined appen- 
dages. Their number varies. Bundles have been seen half 
opened in which at least ten could be counted, and this number 
does not appear to be the maximum. In other cases the number 
is reduced to one, as mentioned above, The numbers seen in 
sporangia occurring in bolls have been in general greater than in 
those produced in cultures, where the common number is about 
four. As in the previous species, the sporangium wall is grad- 
ually dissolved. In the method ot spore formation, and in the 
form and arrangement of the spores, this species very closely 
resembles the next. The body of the spore measures 27 “>35x2, 
the appendage commonly 15 - 20, but sometimes much more. 

Germination has been followed in nutrient liquids and on 
agar. The upper half (remote from the appendage) takes no 
visible part in the process. Just below the middle the spore wall 
swells out into a sphere, and the part below it also increases in 
' width. From the walls of the spherical portion several shortly 
jointed rows of cells originate. These branch freely, retaining 
their jointed form, until a dense tuft is formed around the spore. 
In agar cultures these tufts resemble to the naked eye small 
colonies of bacteria. In conditions unfavourable to growth the 
cells of this mass may become dissociated and set up yeast-like 
budding. In favourable conditions, normal long hyphae grow 
out from the mass, and in time proceed to spore-formation. 

SPECIES D. (Figure 4.) In distinction from the preceding forms 
the thallua of this species is typically yeast-like. As seen in cotton 
bolls, and in vigorous cultures, it is a mixture of two forms : 
(l)t.oruloid cells and cell groups, the units of which are very variable 
in form but generally eluptioal or ovate; (2) much larger spherical 
cells, single or attached in small groups. These forms agree with 
Schneider's description of his species. He applies the term 
arthrospore to the second form of cell, and stat^ that the final 
activity of the fungus under conditions unfavourable to growth 
consists in their formation. In the writer’s experience these cells 
have been abundant from the beginning in vigorous cultures, and 
they are similarly present in actively developing infections of the 
cotton boll. The final activity in cultures, and apparently in 
many oases in the cotton boll as well, is the development ot a 
thallus which is almost entirely hyphaL This development alto 
taken i^boe when the oii^amBm is grown in tap watsv. S^eidsr 
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speaks of elongated cells with ‘ a very (^loso ivsemUaiK’t* to \v\u^ 

hyplial liut this phrase cannot l>c (‘onsidered as (‘ovevin^’ 

the growth now described, in which a. dtdinite mycelium is t'ormed 
of long, sparingly branched, and very sparingly septate liyphae 
of I'egular form, and with a rognlai* method of sporangium 
production. 

In the yeast-like typo of growth the spoi’angia Jire formed by 
the enlargement of a single cell, dissociated at an early period 
from its neighbours. The organism has been kt^pt in eiiltivation 
during most of the period from January HHb. and the develop- 
ment of sporangia has many times been closely followed m living 
colonies kept under the miciMseope, without any pnxM^ss t)f (‘.ell- 
fusion such as that described by Schneider being seim. ►Sporangia 
are not uncommonly formed by direct oulgrowtli from a germimi 
ting spore, as shown in Fig. 1. 



In the hyphal type the sporangia are formed as laUmal elnb- 
shaped outgrowtiis with an enlarged liase. 

The spores normally occur in the sporangium in two bundles 
some distance apart, more or less connected by the lilaincnts, as in 
the last species. In some media the sporangia are shorter, and 
the ends of the bundles overlap, until in extreme (fases they lie 
side by side, as in Ariiaud's figure. Occasionally a single bmidh* 
only is formed, occupying the whole of a small sporangium. Tbe.sc 
variations are also seen in species (J. 

The spores are >spindle-sljajied, prodiiced at one end into n 
long whip-like appendage. Near the middle of the body, on one 
side, there is a slight projection (exaggerated in the sket^Ji), and 
some distance above this (never opposit-c to it as shown by 
Schneider for his species), there is very commonly a line above 
and below whicli the spore shows a flitffu-ence in refraction when 
unstained, and a marked difference in taking up stains. Most; 
usually the half nearer the appendage stains deeply, while th^ 
upper half remains clear, but in some circumstances this -action is 



revelled, and occasionally no difiference can be seen. Mv opinion 
so far is against the view that there is a septum at this point. 
An exactly similar condition occurs in the spores of species C, and 
something very like it in species B. Peglion’s figure shows a 
double line in the same region. 

The spores of species 0 differ in form from those of species D, 
only in the faintness of the indication of a projection on one side 
of the body. This feature has, however, been seen well developed 
in cultures on glucose agar. 

The snores of D have a body length of from 30-40 microns^ 
and a width of 2-3. The length of the appendage vari^ greatly 
and reaches 70 or more. These measurements agree with those 
of Peglion’s species, while those given by Schneider (50 x 4*5) 
are much larger. 

In the characters on which Schneider mainly bases the 
differentiation of his species from Peglion’s (gametic origin of 
the ‘ ascus’, bicellular condition of the ‘ ascospore’, character of 
the * arthrospore ’) the description of the present species agrees 
with that of Peglion. 

Germination begins as described for species C, by the 
swelling out of a section near the middle of the spore. The 
nature of the outgrowth which follows is as variable as the 
elements which constitute the thallus. Most commonly, perhaps, 
several bead-like chains are produced, but their form and arrange- 
ment differ considerably, showing transitions up to the produc- 
tion of regular hyphal germ-tubea In some media a sporangium 
is frequently produced direct. 

GENERAL. Taking the hyphal form of D, the agreement in 
general features between the four forms described is obvious. The 
distinctive hyphal characters and the mode of origin of the spor- 
angium in the first three are so close that until spore- formation 
begins one cannot be quite certain which species one is dealing 
with. Between these species and D, in which the normal form 
of the thallus is quite different, and the correspondence of the 
hyphal form is not so close, an unquestionable connexion is 
made by the possession in common by C and D of a very special 
type of spore, formed in the same peculiar way. A tendency for 
(J under some circumstances to lose its hyphal form and become 
jyreast-like has not yet been studied closely, but is worth mention- 
ing in this connexion. 

For the reasons given at the outset I do not carry the 
discussion further. Sufficient evidence has been given to show 
that Nematospora cannot be regarded as a Saccharomycete 
and that the use of the terms ascus, ascospore, and arthrospore is 
inadvisable, pending decision as to what position the group is to 
occupy. Arnaud s suggestion, that the Nematospora sporangium 
is a form alternative to the Eremothecium form, which I was 
inclined to accept when writing an earlier note, obtains no sup- 
port from the prolonged culture and study of the parallel forms 
found in the cotton boll. 

Jt seems probable, from the distribution of the species already 
found, that the group has a special habitat in fruits, and it may 
coiifld wtly be expect^ to occur in many that have not yet been 
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examined. It will be interesting to see low far the connexion 
with sucking insects, established in the case of the cotton boll, 
holds good with regard to the presence of members of the group 
in other fruits. 

REFERENCES. 

1. Peglion, V. Ueoer die Nematospora Coryli, Cmtr. /*. Bnki 

VIL, 1901 pp. 754-61. 

2. Bartlett, A. W. Report on Fungus Diseases of Cotton, British 

Guiana Official Gazette^ March 1^^, 1907. 

3. Arnaud, Q. Sur le genre Eremothecium, Borzi, BxdL de, L 

Soc, MycoL d, Fr, XXIX, 1913, pp. 572 6. 

4. Nowell, W. The Internal Disease of Cotton Bolls, Anric. 

News, XIV, 223, 238 (1915) ; XV, 126 (1916). 

5. Schneider, A. A Parasitic Saccharomycete on the Tomato, 

Phytopathology VI, 395-39 (1916); VII, 52-3 
(1917). 


POISONOUS FISHES IN THE WEST INDIES. 

BV W. R. DUNLOP, 

Scientific Assistant, Imperial Department of Agriculture for the 

West indies. 

One of the many important and interesting problems of 
marine biologjy' that is deserving of systematic enquiry in the 
West Indies, is the subject of poisonous fishes. Not a little 
has been written on the subject, but the information put forward 
has been largely of a speculative character, and founaed on local 
report rather than upon the evidence of direct observation and 
experiment. This fact only points to the need for marine research 
in the West Indies, where, as the present writer has shown in a 
previous number of this Journal, there is scope in regard to the 
development of the shallow-water resources of the islands (e.g. 
sponge and pearl oyster cultivation), and endless opportunities for 
organizing and introducing improv^ methods in regard to deep- 
sea fishing. 

The question of poisonous fishes is one in connexion with 
which the marine biologist and medical investigator must needs 
work together It may also be necessary to seek the co-operation 
of the chemist. The subject has several different aspects, all ot 
which require investigation simultaneously. The dinerent ways 
in which poisoning may occur can be classified as follows : — 

(1) Poisoning by ingestion, that is, by the consumption of the 
fish as human foM. This may happen from two different 
causes 

(a) The occurrence of a toxin in the body of the living fish. 
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(b) The production of toxins in the flesh of tlie fish after 
deatli due to fler^omposition. 

(2) Poisojiinz by tlie inoculation of venom thron^li wounds 
inflicted by the fish. 

Most people in the West Indies are quite familiar with fish 
and lower forms of marine life of tlie second olass— the Dutch 
Man </War, For instance, which can inflict a most painful sting, 
and t he Lion fish (Scorpion), winch is capable of infli(*.ting by 
means of its dorsal spines, wruinds t-bat. are poisonous and pi oduc- 
i>\ve of syinpioiiis of great <listress. Most ))f*opIe, too, have lieard of 
(jases where sickness has resulted from tlie consumption of stale 
lisb, particularly in the (^asc of the tVavalb^s, which tend lodecoin* 

E ose after death with great, rapidity. The first (dass of fish, 
owever, the flesh of which is poisonous during life, is not so 
definitely recognized ; indeed where cases of poisoning hav(» occur- 
red through the consumption offish, they have generally been 
attributed to the production of toxins in the fish after its (’eath, 
or its having fed on poisonous material previous to being (%aiight. 
There is evidence to show that tJiis is not always th(‘ real cause— 
that some fish are actually poisonous while alive. An authentic 
case of this is recorded from St. Kitts, wluu’e not long ago three 
liases of severe illness and two deaths in the same household in 
one night wore caused by the consumption of a Barracont a caught 
the same day. This un fortunate event led the Government of the 
Leewanl Islands to make enquiries at the British Museum 
(Natural History), and that institution suhsequently issued a 
short report on the subject of the present paper, and it was 
circularized by the Colonial (Office and published in I he (jolonial 
O^cial Gazettes, Three other reliable instances of poisoning — 
without fatal results— from eating the flesh of Barraconta have 
been brought to the notice of the present writer, by the Revd. E. N. 
Watson, F.L.S., of Barbados. Ho that there is no question as to 
the possibility of certain species of fiah being able to produce, 
while in a fresh state, poisoning of a serious character by inges- 
tion. Admittedly the cases are nob of frequent and constant 
occurrence ; hut it is just this fact which makes investigation 
desirable, in order to protect those who, by force of circumstances 
perhaps, rather than by choice, run a considerable risk by eating 
species that should be avoided. 

The present writer has made general enquiries on the subject, 
and perused such literature as is available on poisonous fishes in 
the West Indies ; and the following observations recorded by 
different authorities seem to be worth reproduction. It should 
be stated that there appears to be considerable confusion in 
regard to the use of the scientific names employed, so that one 
cannot always tell exactly to what species reference is being 
made. However, identities can be made out sufficiently closely 
to serve the general purpose of the present paper. 

It has been found convenient to group the observations 
under family heie^iugs, and to arrange these families in ascending 
natural order, according to the classification of Professor Bridge 
and G. A. Boulenger, F.E.S. iThe Cambridge Natural History^ 
Y6L VII, 1910.) 
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Sphyrabnidak (Bahracoutas). 

The Barraooiita ‘ proves sometimes poisonous when caught 
near 8t. Eustatius or among the Virgin Islands ; the real cause 
of its poisonous ijualities at certain times is still unknown ‘ 
(Schomburgk). Evermann and Marsh say; ‘Many of tliem 
(species of Sphvraena) are valued as food / 

Pellegrin refers to eiglit dilferenl authors all ol’ wlioni state 
that the consumption of tlie Hesh of the larg(‘ Parraeonta is often 
dangerous. One of those (Poey) says that- t he largt‘ Barracouta 
sometimes oontra<d.s an infectious diseasci th(» sympttkms of which 
(‘.an be seen in the Hesh. This disease is believed to givt» rise to 
toxins. 

Clupiuam (ITrrrtngs and 8prat.s). 

Pellegrin refei's to Clitpea hunitTalix as the common specit^s 
in the West Indian waters. Ho states : ‘Althongli in certain 
localities of the Antilles this tish may he appreciated and con 
stantly consumed, it would he ea.sy at. times to detect poison.* 

According to Schomburgk : ‘ A species called th(‘ yellow- 

tailed sprat proves unfortunately poisonous at certain periods of 
the year in some of tlie islands, ( hiefiy among the Leeward and 
Virgin Islands.’ 

Murarntdae (Morays or Tropk’Al Eels). 

Referring to Muraena worintja, Pellegrin says : ‘ This spech^s 
which lives in the Antilles, is oaten fre<|nently in Havana. 
Although Hill regards it witli s^ispicion it may perhaps ))e eaten 
without any fear. That whudi iliere is to fear is t he hit e of this 

fish.* 

This is supported by Evermann and Marsh, wlio state : ‘They 
inhabit tropical and sub-tropical waters, being especially 
prevalent in crevaces around coral reefs. Many of the species 
reach a large size and are all voracious and pugnacious.’ 

More definite informat ion is given by Calmette, wlio refers to 
the poison apparatus in M, morhuja, consisting of a pouch 
situated above the membrane of the palate, which may contain 
J c c. of venom, and three or four conical curved teeth with th(* 
convex surface in front, as in the fangs of snakes, 

ScARiDAE (The Parrot Fishes). 

Scarm vetula^ ‘ mud fish * or ‘ old wife ' is one of the most 
gaudy of the Parrot fishes and is common in West Indian waters 
A case of illness from eating Parrot fish has recently been 
reported to the present writer from St. Vincent Pellegrin says ; 
* Moreen de Jonnes includes it in his list of poisonous fishes.* 

Cabangidab (Jacks) and Scrombridab (Orbvallbs). 

Caranx latm^ the horse*^e Jack, is very abundant in the 
West Indies* According to Sobomburgk: *The Jacks are iq 
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some seasons of the year, especially Christ Chnrch parish 
(Barbados) or thereabouts, very poisonous, and that at such 
times there are in their gills two small red lumps. When they 
are suspected of being poisonous an experiment is tried on a duck, 
by giving her one of them to sw’allow, and if at that season ‘it is 
poisonous, the duck dies in about two hours.’ 

Evermann and ]Mar8h, referring to C, latus, state : ‘ The 

poisonous character sometimes attributed to its flesh evidently 
does not attach to it in Porto Rico, where it may be found for 
sale in the markets ’ 

Pellegrin states : * It is a very dangerous species having 
caused mortality many times, and one wdiich ought particularly 
to be held in suspicion. 

SCuRPOKNIUAK (SCORPION FiSH). 

The two most common species in the West Indies are 
S* grandicomis (the Lion fish), and 5. plumier'L 

The Lion fish is dangerous on account of the poisonous 
wounds inflicted by its dorsal spines. 

Schomburgk says: ‘Inflicts a wound with its spines that 
causes the most violent pain.’ In regard to braHilitnsis, he 
states: ‘The flesh, which is coarse, has proved occasionally 
poisonous.’ 

Pellegrin, Evermann and Marsh all refer to the dangerous 
character of these fishes. 

Batbachidae. 

Calmette states that the dorsal and anterior spines, as %vell 
as the spine on the top of the operculum of Bat}achm giunnienfi 
(Grunting Batrachus of the West Indies) have poison sacs at the 
base of each. 

Balistidae (Trigger Fishes). 

Pellegrin, referring to Batistes vetida says : ‘ This species is 
met with in the tropical parts of the Atlantic, principally in the 
Antilles. In Cuba it goes by name of “ Cochioo”— ah hough Poey 
has no knowledge of any accident by poisoning, the fish is sus- 
pected by Moreau de Jonnt^s, Moret and Janiere. who report 
a case in Guadeloupe where twenty persons w’ere poisoned by 
eating it.’ 

Evermann and Marsh say : ‘ Shore fishes of the tropical 
seas, pf rather large size, carnivorous or partly herbivorous — they 
are rairely used as food, many of them being reputed as poisonous. 
According to Dr. Day : Eating the flesh of these fishes occasions 
in places symptoms of the most violent poisoning.’' Dr. Mennier 
f^t Mauritius, considers that the poisonous flesh acts primarily on 
the nervous tissue of the stomocii, aceasioni ug violent spasms of 
^pt organ and shortly afterwards of all the muscles of the body. 

frame becomes racked with spasms, the tongue thickened, 
^he eye fixed, the breathii^ laborious, and the patient expires in 
a parot ism of extreme sufforing.’ 
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OSTiUCIONTIDAK. 

Ostraciov tviqi(etnr (Drunken or Plate ftsh'. ‘ There is 
a gelatinous matter contained near where the tail is joined to 
the osseous plates, which is called the jelly, and a similar matter 
is found ne#ir the head. When only part of the jelly has been 
swallowed its effects are uncommonly vertigo and sickness of the 
stomach with pain in all the limbs, but chioiiy in the lower 
extremities. The feeling of vertigo is said to be similar to intoxi- 
cation, hence it has received the name of drunken tlsh among the 
common people. It should never be neglected to remove the 
jelly, as there is an instance known to me where such a neglect 
proved fatal to two persons who ate of it/ (Schotuburgk.) 

Pellegrin also includes this and other species of Ostracion 
amongst the poisonous fishes. 

DlOrONTIDAE AND TeTUODOXTIdAE (GLOIJE AND PoRCUlUNK 

Fishks). 

‘ Rarely used as food, being generally r(‘garded as poisonous ’ 
(Evermann .and Marsh). 

Pellegrin says : ‘ They share the toxic properties of all the 
Gymodontes with the Diodons a.s with tlie Tetrodons ; it is 
at the spawning period that they become most dangerous, and 
they appear to be equally often as dangerous.* Schomblirgk. 
in Veferi ing to Diodon obiculariH (‘ Pricky Orb' of Barbados) 
ga3^s : * The flesh proves sometimes poisonous.' 

Calmette states: ‘ Sevcr.al species of Tetrodon are arnu'd 
with spines which pi'oduce veiy painful wounds. Their fle.sh is 
toxic, but it has not been proved that poison glands exist at 
the base of the spines.* 

Note : — The poisonous characters of cert.ain species of genera 
belonging to the Sphyracnidae, Scaridae, 8corpoenidae, 
Batrachidae, Balistidae, Tetrontidae and Diontidac, are referred 
to by Professor Bridge and G. A, Boiilenger, F.R.S. 

OxniiR Dangerous Forms of Marine Life. 

The foregoing notes refer to the true fishes. There are 
lower forms of marine life that occur commonly in West Indian 
waters that are dangerous. The Dutch Man-o’- War and the Jelly 
fish inflict painful stings, and the painful character of woiinris 
inflicted by the spines of the * sea-egg * is probably known 
to most people who have iiididged in sea bathing, particularly 
in Barbaaos. A word of warning might be added here in reganl 
to crabs and lobsters ; not so much n’om the point of view that 
they inflict painful wounds, but rather in reference to the fact, 
that at times they appear to be unwholesome as food. This 
condition seems to be determined by the nature of the material 
they have eaten before being caught. It is of interest to note 
that the Rev\ John Smith, in his History of Nevis, published 
many 3 ears ago, states that whereas lobst^ars caught on the 
Leeward side of the island were found to be good eating, those 
captured on the Windward side were found to be poisonous. 



Finally a note conoeming the f! 3 ang fish. In Barbados the 
notion is prevalent that feathered flying fish, i.e. parasitized by 
the Copepod parasite, is unwholesome. There does not 
appear to be any direct evidence in support of this idea. 

Nature of the Poisoning. 

It has already been stated that poisonous fishes may be 
divided into two- main classes : (1) those which give rise to 
poisoning by ingestion ; (2) those which cause poisoning by 
inoculation, i.e. by the infliction of venomous wounds. It will 
be convenient to refer to the poisons associated with the first 
class as toxins ; and to refer to those of the second class as 
venoms. More appears to be known about venoms than toxins, 
probably on account of the considerable amount of research that 
has been carried out in connexion with poisonous snakes. The 
venom of the Weever— a European poisonous fish, appears to 
have received the most attention, but according to Calmette, the 
venoms of all the fishes referred to as venomous in the preceding 
pages present a fairly (dose resemblance as regards physiological 
action, to tlie venom of the Weever, and show scarcely any 
variation except in the intensity of ^hcir effects. 

The following is Calmette's account of the venom of the 
Weever, and its effects *. — 

‘The venom of the Weever ha.s formed the subject of 
interesting studies by (luuther. Gressiii, Bottard, Phisalix, and 
more recently by Kobert and A. Briot. 

• In order to procure sufficient (piantities of it for experi- 
mental pur[x)8e.s, Briot cuts off* the venomous sjiine.s and the 
surrounding tissue with a pair of scissors: he then pounds the 
whole ill a luortar, and mixes the pulp with pure glycerine. 
After filtration through paper, a toxic solution is obtained, whicli 
does not deteriorate by keeping, and is uoutral to litmus. 

* A lew drops of this liquid are sufficient to kill guinea pigs, 
which, immediately after i*eceiviug an injection in the thi^, 
exhibit paralysis of the leg with tetanic convulsions ; twenty - 
four hours later an eschar is formed, and death supervenes on 
the second or third day. 

‘ Two or three drops, introduced into the marginal vein ot 
the ear of the rabbit, cause death from asphyxia in from tour 
to ten minutes. The heart continues to beat for a fairly long 
time after i^espiration has entirely ceased ; the blood is not 
coagulated. 

‘The toxicity of this venom is completely destroyed by 
heating it 100® C., by chloride of lime, and by chloride of gold. 
Antivenomous serum prepared from horses vaccinated against 
cobra-venom has absolutely no eff*ect upon it m vitnh There is, 
therefore, no affinity between this venom and that of snakes. 

‘ Weever- venom dissolves the i*ed corpuscles of the horse in 
the prince of normal heated horse-serum, but does not dissolve 
them in the presence of fresh serum. The non-heated serum 
theiratore, as I have shown with reference to the action of cobra- 
venom on the blood, contains a natural antibaemolysih. 
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‘ BHot succeeded in vaccinating rabbits by accustoming 
iliem to tlie venom, and in obtaining from them ii serum capable 
of neutralizing the latter in vitro, and of immunising fresli 
rabbits against doses several times lethal, even when injected 
intravenously. 

‘ According ^to Gressin, the following phenomena are pro- 
produced in man as the result of Weevor-.^ling8 : — 

At first there is felt an excruciating, shooting, paralysing 
pain, wliich, in the case of nervous persons, may cause attacks 
of leipothymia, ending in syncope. A kind of painful formication 
next prt»vades the injured limb, which becomes swollen and 
inflamed,*^' and may even, if treatment be neglected, form the 
sti^rting point of a gangrenous phlegmon. 

“This condition is free juently accompanied by certain general 
phenomena — sucJi as fever, delirium, and l>iliouM vomiting, the 
duration of which is variable, since they nui}^ only last, for two 
or three hours, or may contiiiuo for several days. Fishermen 
rightly consider this variability to depend upon the amount 
of venom that has penetrated into the wound, and especially 
upon the season at which the accident takes place. The most 
serious I'osults are recorded during the spawning season, and 
fishermen regard the Lesser Wec'vcr as being the most poisonous.” * 

The present writer has been infoianed l)y Dr. R. M. Johnson, 
(Government I^acdei'iologist, Barbados, that throe cases of poison- 
ing by vonoiiious fishes have t;ome under liis notiite, and the 
symptoms were similar to those des<n il)ed above. Dr. Johnson has 
found that by far the Jiiosl< elective treatment is to uijocl- 
morphia hypodermically. This generally causes the sym[)tums to 
disappear in less than ten minutes. 

The literatim^ available does not furnish any such definite 
information regarding tlic* t oxiiis associated with the flasli of fisli. 
Pellegrin discusses the matter in a general way, pointing out 
ihat the toxins may originate in Several ways. They may he 
fiecreted in tlic animal body for [irotectivc purposes in connexion 
with egg-production ; they may arise as the result of some, 
pathological condition, wliich is believed to be the <jase with 
poisonous Barracouta ; they may exist as the result of the fish 
having fed upon poisonous algae ; to the contamination of 
shallow sea- water with sewerage, or to decomposition clianges in 
the flesh after the death of the fish. All these possibilities make 
the subject a very diflicult one to investigate. And one has to 
take into account that some fish are much more digestible than 
othei*s, and that the digestive powers and susceptibility to poison- 
ing vary amongst different people. 

The toxins that occur in flesh are generally regarded as 
coming under two catagories : in the living flesh we liav^e a 
group of alkaloids known under the general terms of leucomaines ; 
while in the dead flesh, the poisonous alkaloids that may be formed 
are referred to as ptomaines. As already stated, information as 
to the properties of the leucomaines and ptomaines that sometimes 
exist in the flesh of fish is not available : though they may not 
differ essentially from the venoms, there is no direct evidence t(; 
prove it. 
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Pellagrin describeasome of the sympfcoma produced in human 
beings by the consumption of poisonous fish. Thusi speaking of 
the Tetrodons, he says : ' The action is a paralysis of the cewtiral 
nerves which reacts more or less on the general and s^ial senses 
and on the motor nerves, and death is caused by paralysis of the 
heart and asphyxiation.* This refers, of course, to very acute cases 

The effects of poisoning may be better described, perhaps, as 
taking two forms 

(1) The algid or cold form (cholic and paralysis). 

(2) The gastro enteric form. 

In the first form the patient quickly falls into a state of 
prostration, and coma followed by death is the invariable termina- 
tion. It lasts from twenty minutes to several hours. 

In the second, there is violent irritation of the stomach and 
intestines, resulting in violent vomiting and diarrhoea. Termina- 
tion is sometimes fatal, but generally the trouble is local, confined 
to the digestive track, and the patient eventually recovers. 

Details as to the syn^toms observed in these two forms 
will be found in Pellegrinis Thesis (see list of references). 

As regards treatment, no specific antidote appears to l»e 
known against fish poisoning. The usual treatment is to 
administer an emetic. Electric treatment, if available, is stated 
to be beneficial. Artificial respiration is sometimes applied ; it 
is important to keep the patient in a recumbent position. The 
administration of alcohol is generally found useful to revive the 
patient, it not to assist in the neutralization of the poison. 

During convalescence, it is obviously important to prescribe 
an easily assimilable diet. 


Conclusion. 

In the foregoing pages an attempt has been made to bring 
together such information as is available in regard to fish 
poisoning in the West Indies. There are undoubtedly several 
species of fish common in these waters of which the flesh, even 
tnough freshly cooked, is highly dangerous to consume. There 
are other fish which are dangerous on account of their venomous 
characters. Cases of fish poisoning by ingestion are not, as far 
as we know, of common occurrence, possibly on account of the 
fact that there is generally a sufficient supply of fish which is 
known to be perfectly wholesome and beyond suspicion. Cases 
liave occurred from time to time, however, and care should be 
taken to avoid as far as possible those species referred to in the 

E resent paper. In general, any but fr^ly caught fish should 
e avoiaea, and the greatest care taken in preparing it for 
consumption, to remove all traces of the internal organs with 
which poison may be associated under certain conditions, partic- 
ularly at the spawning period. All due caution should be 
exermsed by fishermen and hy bathers in regard to the avoidanoe 
of venomous forms in the sea. 
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MANURIAL EXPERIMENTS WITH SEA ISLAND 
COTTON IN ST. VINCENT, WITH SOME 
NOTES ON FACTORS AFFEOTINO 
THE YIELD. 

BY S. C, HARLAND, B S.. (Loild.), 

Assistant Agricultural Superintendent, St. Vincent. 


Introduction. 

The investigations which are to be described liave proceeded 
along the following lines : — 

(1) A study has been made of the data available from the 
manurial experiments in St. Vincent during the past five vears* 
(1912-1(3 inclusive). 

(2) The number of Ho were opening daily in every plot of 
the Manurial Series from September 8 to February M has been 
recorded. 

(3) The number of bolls opening daily in every plot of the 
Manurial Series has been recorded for a period of fifty-three 
days. After that pickings were made at intervals of five days. 

(4) A daily examination has been made of some thirty 
plants, and as far as possible an accurate record kept of the fate 
of every bud, Bower, and boll produced. This intensive examination 
ha |9 made it possible to trace the effect of environmental condi- 
tions on the plant in a way that is very precise. 

(5) Use has been made of the meteorological observations 
which are a part of the daily routine work of the Experiment 
Station. 

* For the results of 1912, tflK-tand 1914, the Author i-- indebted to IVlf. 
W. Sands, Agi’iculturul Superintendent. 
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The observations which have been made use of comprise : 

(a) Eelative Humidity (wet and dry bulbs). 

(b) Rainfall. 

Records of relative humidity are taken at 9 a.m. and 3 p.m* 
each day, while the rainfall is measured each morning at 9 a.m* 

Had the requisite instruments been available a more detailed 
coirelation might have been attempted between weather and 
soil conditions and the reaction thereto of the cotton plant. 

Any correlation suggested in the following pages will be 
found to* be of a very broad and general nature. 

The Manorial Plots. 

A rectangular strip of ground is divided into twenty-four 
plots— three series of eight. Each plot is area. To 

each of the eight plots in a series is applied a different combina- 
tion of manure, and this is repeated in the second and third series 
so that there are three plots tor each combination. 

The experiments were started in 1912-13, and^each season 
the yield of seed-cotton for each plot has been determined and 
the results set forth, calculated to the acre. 

A plan of a single series is given in Fig. 1 ; the twenty- 
four plots form a continuous strip. 
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Fig 1. 

Plan of Series 1 in Manurial Experiments. 

SOWING DISTANCE. The plants are sown 2 feet apart on 
ridges which are 5 feet apart. One plant only is left in each 
hole. There are thus 4,358 plants to the acre. 

SOWING DATE. The plots are usuaUy sown at the beginning 
of July but the time has varied in diffei^ent years. 

PRRp'ARATiON OF PLOTS. The. plots are prepared several 
weeks l^fore the seed is sown by forking and pulverising the 
soil, and by burying weeds under the ridges. If planted too 
soon after burying the weeds the seeds do not germinate well. 
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APPLICATION OP MANURES. Manures are applied by hand 
a few days before planting, and a still morning is chosen for the 
operation. The sulphate of ammonia is applied when the plants 
are showing the second leaf. In order that the manures may 
be spread evenly they are mixed with a considerable quantity 
of fine dry earth. 

THE SOIL. The soil is a light sandy loam, by no means 
uniform in depth or in quality. Tlie site of the plots, however, 
was the best that could be found on the Experiment Station. 

On one side a grassed cart road bounds the plots and this 
has a well marked effect. The row nearest the road is in general 
more vigorous than the inside rows. The reason for this is not 
known. Perhaps it is due to the fact that the plants are able to 
make use of nitrogen fixed by bacteria associated with grass-land, 
or to the different state of consolidation of the soil. The ‘ fallow 
effect’ of a path is alluded to by A. D. Hall. (4) 

AFTER-TREATMENT OF THE CROP. This consists ill : — 

(1) Frequently stirring the surface soil until the plants are 
about three months old. 

(2) Keeping the ground free from weeds until the plants are 
about four months old. A fter that few weeds can grow beneath 
the heavy shade. 

(3) Gathering the seed-cotton as it becomes available and 
weighing it carefully when quite dry. 

It must be noted that in St. Vincent there is no such thing 
as the Egyptian first, second and third pickings. As soon as the 
bolls open, the seed-cotton must be picked. It cannot be left on 
the plants for more than a few days. Heavy rains lasting two 
days will cause the seeds to germinate in the locks and the lint 
to spoil. Pickings are made at intervals of two or three days 
throughout the maturing season. 

(4) Pulling up, carting away, and burning the plants after 
the crop has been reaped. The plants are not Wrned anywhere 
on the manurial plots so that there is no danger of upsetting the 
fertility of any particular plot. 

A large amount of plant food must be removed each year 
with the plants, and it is certain tliat the cotton lands of 
St. Vincent are being rendered poorer year by year by the same 
practice. 

Burning is alleged tp be necessary for the control of leaf- 
blister mite {Eriophyes goasypii. Banks), black scale {Saissetia 
nigra, Nietn.) ana possibly certain of the fungoid diseases. In 
8t. Kitts, the general practice is to bury rather than to burn, with 
no deleterious effect, and it is perhaps time for the relative merits 
of the two methods to receive the serious attention of St. Vincent 
planters. 

X>ENBBAL Considerations in Conducting Manurial 
Experiments with Cotton. 

It should not be lost sight of that there is this great differ- 
ence between cotton and a crop like wheat or maize. In the 
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case of these two latter crops there is a certain definite period at 
which the crop is known to be ready for rewing. If the crop be 
left after this time it will spoil. In the West Indies, with its 
equable temperatures, Sea Island cotton could be grown for more 
than one season were it not for the pests leaf-blister mite and 
black scale. Now, under West Indian conditions it is scarcely 
possible to state when a cotton field has finished bearing, as there 
are always large numbers of buds, flowers, and bous on the 
plants when the latter are pulled up. According to the kind of 
season experienced, cotton fields never have the same vegetative 
period in two successive years, and a source of error is thus intro- 
duced into manurial experiments. 

The dates of sowing and pulling up, with the le^th of the 
vegetative period in the seasons 1912-16, are given in '[^ble I. 

Table I. 

SHOWING DATES OF SOWING AND PULLING UP WITH THE LENGTH 
OF THE PERIOD OF GROW’^H. 


Year. 

Date of 
sowing. 

Date of 
pulling up. 

Period of 
growth. 

1912-13 

June 28, '12 

Jan. 27, '13 

213 days 

1913-11 

June 21, ’13 

Feb. 25, ’14 

249 „ 

1911-15 

June 19, ’ll 

Jan. 21, '15 

216 „ 

1913-lC 

1 

1 July 17, ’15 

Jan. 12, ’16 

179 „ 

1 1916-17 

j July 7, 16 

1 

Feb., 14 ’17 

222 „ 


In conducting manurial experiments with cotton there is 
a dual object in view. The planter requires to know what 
manure will give him the best monetary return from his land, 
but it is also very important for the scientific worker to know 
what eft’ect different manures have on the growth of the plant, 
i.e. a manurial experiment should also be an experiment in plant 
physiology. The scientific worker desires to know the particular 
part played by particular elements in the nutrition of the p!ant, 
and since the results of one year's experiments may be ob^ui*ed 
or vitiated by environmental factors, it is best to grow the crop 
year after year on the 8an*e land, and no other crop. The funp- 
tion of the different elements will thus gradually come to light. 

The point brought out by W. L. Ballad) is worth considering. 
He makes the following statement : ^ The mere figures for jieM 
mton very little, since the same final result may be reached m an 
infinite nuinber of different wavs. If we can not only ascertain 
exactly hoW the yield was produced, day by day, but also trace 
back uie fruits to their origin as flowers and the flowers to their 
origin as buds on the soaffmding of flowering branches, we have 
resolved the agricultural problem into oomponents which the 
botanist can deal witW 
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Hitherto, with the possible exception of Balls’s own work 
in Egypt, investigations on the ma)inring of cotton have been 
confined largely to only one aspect of the problem, the yield of 
seed-cotton. The effect of various factors on the productivity of 
the cotton plant can be stated in terms of tlie amount of seed- 
cotton produced by the plant, only if it be assumed that the 
factors which prevent buds becoming flowers or flowers in their 
turn becoming ripe bolls react equally on all plants. 

Consider these two cases : — 

(a) An identically treated plot producing the same yield 
in different years. 

(b) Two identically treated adjacent plots in the sume \ ear 
producing the same yield as each other. 

We can say at once that the yields in the first case must 
have been built up by the interaction of two distinc^t sets 
of factors, since weather conditions are never alike in any two 
years. It has been within the province of these investigations to 
consider the second case, and from them it lias been concluded 
that in this case, the way in which the crop is built up is the 
same in both plots. The data upon which this conclusion is 
based will be given later. 

The practical importance of it is great since it may bt» said 
that in a single season, provided the area under experiment is 
not too large, a fairly accurate comparison of the eltects of 
environment, manures, etc., on the yield of seed-cotton, based on 
the yield of seed -cotton only, may be made. 

At the same time an intensive study of the way in which 
the yield is built up from day to day is even more important, since 
it is only by this means that any idea can be formed of the size 
of the potential crop, uninfluenced by unfavourable conditions. 

During the season 1916*17, therefore, it was resolved to 
follow the fate of the flowers and bolls on a number of plants, and 
also to record the rates of flowering and boiling of the manurial 
plots. Unfortunately it was not possible to be^in the more 
intensive set of records until the plants had been in flower for 
about a month. Sufficient data have been accumulated how- 
ever, upon which to base certain quite definite conclusions. 

THE BESULTS OF THE MANURIAL EXPERIMENTS FROM 1912-16. 

In Table II will be found the results of the Manurial Experi- 
ments from 1912 to 1916, stated in terms of the amount of seed- 
cotton produced by each plot, calculated to the acre. 

Table III contains the results of the season 1916-17 and 
presents the number of flowers and bolls produced by each plot, 
the percentage of flowers which produced bolls, and also the 
increased yield of the manured plots compared with the 
unmanured, assigning to the unmanured plots an arbitrary 
value of 100. 

Table IV shows the variation of the plots from year to year 
in relative order of merit. 

All these results may be conveniently discussed together. 
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In the first place it is seen that the percentage of flowers 
maturing into bolls does not vary greatly in the different plots. 

It would be unsafe to assume that the variations which 
occur are the result of an^ difference in manurial treatment. The 
first important conclusion may be stated as follows 

Differe'iicea in manurial treatment do not cause any notable 
dijfferences in the percentage of flowet a producing ripe bolls. 

In regard to the relation of the different manures to yield* a 
comparison of the results in Table II will show that great 
variations in yield are manifested from year to year. Thus the 
1914-15 results are in every case better tlian the 1913>14, and 
the superiority in yield of the former season is largely due to 
more favourable weather conditions. On the whole, however, 
there are certain general conclusions which it is possible to 
make. In 1916-17, the last year under review, it will be observed 
that : — 

(1) All the manured plots show an increased yield over the 
unmanured, the increase in the case of No. 8 amounting to as 
much as 116 per cent. 

(2) The element most necessary is potassium, an application 
of potash producing an increase of 76 per cent. In connexion 
with this point it will be instructive to quote from the well- 
known Bulletin on Sea Island cotton issued by the United 
States Department of Agriculture 

‘ A liberal supply of potash is very important for Sea Island 
cotton, and farmers outside of the Sea Islands use too little of it. 
Potassium influences the formation of starches and sugars in the 
pJant and appears to be indispensable for protein formation. 
A lack of it in the ease of Sea Island cotton may lead to the 
appearance of “ rust ” — a disease resulting from disordered nu- 
trition.* 

It is noteworthy that in the manurial plots the lack of 
potash produced this physiological affection, which manifests 
itself by the production of reddish-coloured leaves which tend to 
drop prematurely. 

The ‘ rust * — which must not be confused with the disease 
Uredo goasypii, was noticeable chiefly in the no-manure, nitrogen, 
and phosphate plots. A slight amount appeared in the cotton- 
seed meal plots, tending to show that these plots were not 
receiving an adequate supply of potasli. There is no evidence 
that the * rust ' leads to any diminution in the number of bolls 
which open, when once formed. 

(3) For . some unknown reason an application of phosphate 
and potash is less beneficial than potash alone. The difference 
in yield between plots 4 and 5 is apparently quite significant, 
but the experiments require to be conducted further before 
discussion e^n have much value. 

(4) Artificials aud cotton-seed meal are better than cotton- 
seed meal alone or artificials alone, 
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(5) It appears that an application of cotton-seed meal at the 
rate of 600 lb, per acre is iusumcieut to meet the full requirements 
of the plants when grown on the same laud for a number of 
years. It is to be regretted that an experiment was not included 
to compare the value of a heavy dressing of pen manure with 
the other manures, but the results presented are a very strong 
argument for the keeping up of the fertility of the soil by means 
/Of as heavy applications of imnure as po8si!)lo, and hy a rational 
system of crop rotation. 

Table IV enables conclusions to be drawn similar to tliose 
already arrived at. It will be seen that the general tendencies 
are as follows : — 

(1) The no-manure plots get lower. 

(2) The nitrogen plots get lower. 

(8) The phosphate plots get lower. 

(4) The potash plots get higher. 

(5) The phosphate-potash plots are erratic (two become 

higher, one lower). 

(6) The complete artificial plots get higher. 

(7) The cotton seed meal plots are erratic, bub» on the whole, 

get higher. 

(8) The artificials cotton-seed meal plots all get higher. 



Table IL 

THE YIELD OF THE MANUBIAL PLOTS 
Hesulta stated in lb. per acre of seed -cot ton. 


1912-16. 


1912-13. 1913-14. i 1914-15. 1915-16. 1 1916-17. 


Description 
oF manTares. 


la 943 789 15291 

No manure. lb 476 G63 578 573 7351623 


Nitrogen 

as 


!lc 569 

-i 

|2a 980 


sulphate of 2b 628 862 471 529 750 678 

ammonia, 

30 B). per acre. 2c 978 396 7 10 

Phosphorus |3a 901 545 ' 676 

as 1 

basic slag, 3b 939 898 438 458 ! 750 720 

i j 

40 Ib. per acre. |3o 855 391 ' 733 

I j 

Potassium i4a 733 862 [878 

as ' 

sulphate of i4b 779 753 547 605 761 777 

potash, ' 

30 lb. per acre. 4c 746 417 691 


Phosphorus (40) 5a 759 647 

Potassium (30) 5b 938 842 555 1 501 1 695 I 699 


392 
600 526 
724 
452 

756 720 

I 

953 

389 

708 625 

777 

581 

720 728 


Nitrogen (30) jCa 811 
Phosphorus (40 j6b 719 
Potassium (30) |6c 356 


6b 719 6291479148517051667 



*U8 

im 


'8a 

83 

-ae( 

sd' 

8b 

EH 


meal (600) 



539I533I756I785 


665 

737 661 


220 

242 237 
248 
128 

301 258 

I 

344 
115 

358 274 
349 

345 

375 404 
492 


3 

369 f ^44 


3 
3 

540 431 
38 
228 

361 332 

407 

485 

418 611 
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Table 111. 


RBSirurs OF 191U-17. 


Manure. 

Plot. 

fe S 1 
^ 1 ! 
3 S 

II 

Per 
cent, 
bolls to 

<35 

> 

Yield 1 
in lb. 
pel 

. ' a> ^ 

. C o h 

2 ; £55 3 II 

> 'Ja g 


i 


^ o 

flowers. 


acre. 

1 



la 1 

6,300 

1,003 

15*9 


220 

j 


No manure. 

11) 1 

6,252 

1,103 

17 6 

17-2 

212 ; 

237; 



lo 

6,229 

1,129 

181 

1 


218 ' 

i 

i 


2a 

3,845 

582 

15-1 j 


128 

i 


Nitrogen, j 

2b 

9,239 

1,369 

14-8 1 

15-4 

301 

258: 

-f 9,’-' ' 

i 

2c 

9.557 

1,566 

16-4 


314 

i 

1 


OH 

4.568 

525 

11*5 


115 


1 

Phosphorus, i 

:^b 

8,332 

1,630 

196 

15*8 

358 

274 

+ 16% ; 

1 

1 

3c 

9,817 

1,588 

16 2 • 


349 




4a 

9,579 

1,571 

16-4 


345 



Potassium. 

4b 

9,659 

1,707 

17-7 

17*0 

375 

404 

+ 76% 


4c 

13,205! 

2,240 

170 


492 




5a 

7,877 

1,395 

17-2 


307 



Phosphorus 






369 



and 

potassium. 

5b 

9,623 

1,677 

17-4 

1 

16-5 

344 

4- 457 

356 

5c 

10,954 

1,619: 14-8 




Nitrogen, 

6a 

9,221 

11.436: 15-6 


1 316 




J 


1 



phosphorus 

and 

6b 


2,459 


17« 

1 540 

431 

+ 82% 

potassium. 

6c 

11,971 

1,99a 

16*6 


438 




7a 

7,871 

1,039 

13-2 


228 



Cotton- 






1 



seed 

7b 

8,711 

1,64S 

18-9 

15( 

)\ 361 

332 

+ 40% 

meal. 

7c 

ll,8Cfl 

1,851 

15-7 


[ 407 



Phosphorus, 

8a 

11,471 

IQ 

192 


j 485 



potassium 
and cotton- 

8b 



191 

19-£ 

) 418 

511 

+ 116% 

seed meal. 

8c 


2.81( 

m 


630 
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Tablb IV. 
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Probable Error of the Bbsults, 

The following passage is taken from A. D. Hall(^) 

‘ Table CIV represents the results of 5 years’ experiments 
with different crops on five similarly treated plots in Little Hoos 
field, reduced each year to a common standard by taking the 
mean of the five as 100. 


‘Table CIV. 


Plot. 

1904. 

1905. 

1906. 

1907. 

1908. 

Mean of 

5 years. 

A 

981 

88-8 

95-8 

86-3 

92-8 

92*:idrl*4 

B 

95-8 

92 1 

90-6 

95-1 

94-9 

93 7-t0-7 

C 

1010 

; 98-9 

99-2 

102-4 

100-2 

100-3±0-6 

D 

101-7 

! 174-1 


109-1 

114-9 

1090±l-7 

E 

103-4 



107 0 

97-3 

104-5±l-4 ’ 


It will be seen that the variations from the mean of the 
single plots in any given year are considerable, the mean error 
being zfc7'5 on the assumption that all the plots should be exactly 
alike. A similar plan has been followed for the eight 8t. Vincent 
no-manure plots. Table V represents tlie results of five years’ 
experiments on the three no -manure plots, reduced to a common 
standard by taking the mean of the three as 100. 


Table V. 


Plot. 

1912. 

1913. 

1914. 

1915. 

1916. 

Mean of 

5 years. 

lA 

142-2 

137-7 

84-9 

74-1 

92-9 


IB 

71-7 


118-0 

87-5 

102-2 

96-1 ±5-2 

1C 

85-8 

61-4 

99-5 

136-8 

104-8 

97-7±8-3 


Allowing for the difiPerence in the number of plots in Hairs 
series, it will be seen that the probable error of the St. Vincent 
experiments is much greater and the variations from the mean 
more oonsiderable. The percentage of loss varies so much from 
fear to year that it is of little use comparing the yield of a plot 
in one year with that of another. In the St. Vincent experi- 
ments the mean error is 24*6 on the assumption that aU the plots 
should be eamotly alike. 
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The Flowering and Bolling Curves. 

It should be noted that in the West Indies we are not con- 
cerned with the ‘ time of arrival ’ of the crop, as planters are 
in Egypt. Variations in temperature are so slight that the 
plants grow at similar rates whatever the planting season, and 
always flower within a few days of two months. This applies of 
course to normal plants with an adequate water-supply. Plants 
stunted through drought or poor soil naturally flower rather 
later. The number of flowers opening in each plot of the 
manurial series has been recorded each day from September 8 
to February 14. The counting was done by two trained assistants 
and the numbers checked frequently by re-counting. The total 
number of flowers for each plot is probably quite accurate. 
I have followed the method of Balls in Egypt, presenting the 
data in graphical form. The flowers and bolls are reduced to 
five-day means as ‘ per plant per day*. During fifty-three 
successive days, the mature bolls were collected. It was, however, 
found impossible to get through the work, so pickings were 
made thereafter at five day intervals. In estimating the number 
of bolls from each plot a separation had to be made of diseased 
and healthy bolls. In practice, if a boll was more than half 
diseased it was neglected ; if less than half, it was included with 
the healthy bolls. It will thus be seen that work of this kind 
demands more attention in the West Indies than in Egypt. 

The flowering and boiling curves on Plato 1 enable the 
whole position to be summed up briefiy as. follows 

(1) The flowering curve rises rapidly to a high point in the 
6th week after flowering commences, i.e. approximately about 
the 14th week after planting. 

(2) From this point it falls less rapidly almost to zero in the 
13th week after flowering commences, i.e. when the plants are 
about twenty -one weeks old. 

(3) The curve then rises rapidly again to another series of 
high values and then sinks again almost to zero. The curve is 
not so high in this part as in the first, and is not so regular. 

(4) The curve is thus divided into two distinct portions : 
(a) a curve corresponding to the curve compiled from the average 

S lants (explained and discussed later). Practically all the 
owers in this part are produced on sympodia from the main 
axis, but the curve is not symmetrical because, after the date of 
the highest point, a few flowers begin to be produced from 
sympodia which spring from the vegetacive branches : (b) a curve 
ooinposed almost entirely of flowers from secondary branches. 

(5) Inequalities of the flowering curves, i.e. sudden depres- 
sions, are probably the result of bud-shedding. These inequalities 
are shared by all the plots, 

(6) It will be shown subsequently that the period of maturity 
of the Sea Island boll is about fifty-one days. Suggestions have 
been made from time to time that oertuin manui^es promote or 
retard maturity# If this were the case we should expect certain 
plots to flower earlier and produce modal values in their flowering 
curves earlier than other plots. This doee not occur* The theory 
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finds no support from the flowering and boiling curves of the 
manurial plots. All the plots begin to flower at the same time, and 
subsequently the course followed by both flowering and boiling 
curves in all plots is similar. The highest point of both curves 
is attained at exactly the same time in every plot. The statement 
that certain manures promote or retard maturity is quite 
evidently not true of the light soils and heavy rainfall of 
St. Vincent. 

(7) The boiling curves are low compared with the flowering 
curves, and the higher the flowering curve, the higher the boiling 
curve. The boiling curves are all similar in shape and possess 
depressions and modes which occur fifty to fifty-five days after 
similar depressions and modes in the flowering curves. Thus a 
depression in the flowering curves on October 2, is followed by a 
depression in the boiling curve on November 21, (i.e., about fifty 
days later), and the flowering depression of November fi corres- 
ponds to the boiling depression of January iU. Similarly the 
summits of the flowering and boiling curves are separated by a 
fifty-five day interval. As will be shown subsequently, the time 
interval from flower to boll is about fifty- one days, which explains 
the 50-55 interval above referred to. It is apparent, therefore, 
that while a comparison between flowering and boiling curves 
affords valuable information in regard to loss suffered, yet in 
general the percentage of flowers which mature into bolls is about 
the same for each plot, irrespective of the different kind of manure 
applied. Furthermore, the bare yield of seed-cotton affords 
reliable information as to the relative value of different manures. 

(8) All the bolls which mature are fj’om tlie first part of the 
flowering curve. Internal boll disease is the factor chiefly 
responsible for the total loss of all flowers after December 11. 
The bolls from part two of the flowering curve are known in 
the West Indies as the ‘second picking’. This is seldom obtained 
in St. Vincent, though in Barbados it often forms the principal 
part of the crop.* 

Stainers appeared in overwhelming numbers towards the 
end of December. On February 10, 1,000 bolls apparently (|uite 
sound were taken from the manurial plots. Of these 99J were 
completely destroyed by internal boll aisoabe. Tlie percentage 
of sound fcolls being only 0*7, it was decided to }uill tlie plants up 
on February 15, and conclude the experiment. 

(9) It appears from Table VI below that, taking the first part 
of the flowering curves as the only efficient part, and calculating 
the percentage of flowers produced during each five-day period — 
over 50 per cent, of the efllcient flowers are produced in the 
7th, 8tb, 9th and 10th periods ending 12th, 17tli, 22nd, and 27th 
of October, i.e. in twenty days— rou^ily a pei*ted of about three 
weeks. 

These three weeks and the following three are thus the most 
important in the life-history of the j^ant, and we may safely 
conclude that good or bad weather conditions dujdng that period 
(the 13th to 19th weeks after planting) will make the difference 
between a good and a bad crop. 

*As used in Barbados the term often refers to tlie * ratoon * crop, not 
here considered. (Ed. W.LB,) 



m 


Table VI, 

SHOWING FEBCBNTAOB OF PLOWBBS PBODUCBD IN DIFFEBENT 
5-dat periods of the first part of the 
FLOWERING CURVES. 
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During the 1916-17 season the period of mai^imum flower 
production was followed by the torrential dowupoui*s of late 
October and most of November, and the crop was practically 
ruined. 


The Crop Ebcords Series. 

It will have been noticed that only about 12 per cent, of the 
flowers produced matured into bolls. The enormous loss implied 
needs explanation. The crop records series, i.e. intensive records 
from single plants, provide a considerable part of that explanation. 
The method adopt^ is simple. The fruiting branches of each 
plant are numbered from the base upward with small cambric 
labels, on which the required number has been written with 
indelible ink. The labels are affixed to the fruiting branch with 
a small ring of brass wire, at a point near to the main stem in 
such a way as to cause no injury to the tissues. Any boll, 
flower or bud, is referred to b}^ two numbers. The first number 
refers to the number of the fruiting branch, and the second to 
the position on the fruiting branch. Thus 8*4 would mean a bud, 
boll or flower on the 4th node of the 8th fruiting branch. 

Tt will be convenient to refer the reader to Plate 2. This is 
a practically continuous record of a single plant from October 10 
to January 22. There are thirty-seven records similar to 
the one shown, and even from a casual inspection it seems 
that the principal cause of loss of crop is the shedding of bolls 
or buds. This fact obviates the necessity of giving tlie other 
plant charts in full, since a simpler form of diagram (see Plates 
3-6) will show the main facts <piite as well. In certain cases 
a node has flowered but its history was not completed at the 
time the plants were pulled up. All the bolls so left can be regard- 
ed with certainty as infested with internal boll disease. 

These intensive records make it possible to analyse with 
a fair degree of certainty the various sources of loss, and these 
will be discussed one by one at this point. The form assumed 
by the flowering curve can be explained in the light of infor- 
mation derived from a study of single plants. 

TO DETERMINE THE INTERVAL BETWEEN SUCCESSIVE FLOWERS 
ON A SINGLE FRUITING BRANCH. 

XI 


d e f 


-LQ 


Yl 

Fig. 2. 

Imagine Fig. 2 to be a diagrammatic representation of 
a fruiting branon PQ-. from the main axis XY. Then it may 
be taken as an invariable rule that the order of flowering is a, b, 
c, d, e, f, g, etc. If the growth of the plant is fairly uniform 
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there should be a certain avera|i||e time interval between a and b, 
b and c, etc., and by examination of a large number of oases 
it should be possible to determine what these intervals are for 
the average ^ant. 

A statistical investigation of the various intervals is pre- 
sented in Table VII. 


Table VII. 

SHOWING VARIATION OF TIME INTERVAL BETWEEN FLOWERING 
OF SUCCESSIVE NODES. 


Fruiting 

branches. 

Nodea 

Days. 

Total 

cases. 

Average 
in days. 

3 

4 

5 

fi 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 to 20 

l«t2 

3 

15 

72 

18 

5 

2 








115 

51 

20 to 30 

1 & 2 

1 

1 

25 

35 

26 

3 

4 

1 






96 

6-2 

30 to 40 

1 &2 



2 

4 

9 

5 

8 

2 







7-9 


2&3 


2 

43 

53 

18 

15 

2 







153 

53 


2&3 



5 

m 

21 

m 

2 

- 

1 





49 

6-9 


2 & 3 





2 

6 

o 

- 

1 

1 




12 

8-6 

1 to 20 

3&4 


1 

329 

30! 17 

9 







89 

7-0 

20 to 30 

3& 4; 

1 



1 

5 


2 

‘ 

- 


-- 

1 


18 

81» 

1 to 20 

4 5 


! 1 

2 

10 

4 

2 

2 





i 

21 

fi‘5 

20 to 30 

4 iV 5 


1 

l_ 



1 

3 

2 



i 

1 


1 

6 

8-2 

1 to 20 

5 & 6 

1 

3 


22 

9 

4 

> 

i ~ 

-1 

- 

1 “ 

1 

51 

71 

1 to 20 

'6&7 



E 

E 

E 

4 

1 

1 


j 


i 

1 


21 

7 0 

1 to 20 

7&8 

i 




1 

4 

2 

2 

1 





10 

78 


From this table it is seen that, taking any fruiting branch 
from 1 to 20, the 2nd node will flower not less than three days after 
the 1st node and not more than eight days, while it will most 
probably flower in five days. 

The following facts are immediately apparent 

(1) The time interval between the flowering of two adjacent 
nodes increases as the distance from the central axis is increased. 

(2) The interval between two adjacent nodes increases with 
the distance from the lowest fruiting branch. 

(3) The increase is in general of quite a definite nature. 
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TO OaTERMINB THE INTERVAL BETWEEN LST NODES ON 
SUCCESSIVE FUUITINU BRANCHES. 


X 



Y 

Fhl 


Suppose XY to be the main axis of a ^iv^eii plant ai.d ab, 
cd, ef, etc*., to be successive t'i*uitin|jj branches. Then in general 
node 1 on cd will flower later than node 1 on ab, and iK»de 1 on 
ef later tlian node 1 on cd. Investigating the (piostion statistically 
we obtain a table similar to the preceding one. 

Table VIII. 

SHOWINCi INTERVAL BETWEEN l8T NODES ON SUCCESSIVE 
FRUITING BRANCHES. 


Days interval. 


Fruiting 

branches. 

0 

1 

2 

3 

! 

4 

5 

G 

7 S 

9 

10 

'Petal 

caves. 

A verage j 
No. of 1 
days. ' 

1 to 20 


6 

35 

51 

11 



I 
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22 

20 to 25 

1 

1 

Ifi 

31 

33 

12 

2 

1 ! 



97 

3 5 

25 to 30 


3 

2 

12 

11 

7 

2 

1 i 


I 

38 

3-7 

30 to 40 

1 


2 

5 

11 

10 

1 

4 

3 i 1 1 

1 1 


1 

1 J 

•J8 

4G 


CONCLUSIONS : - 

(1) For the first .twenty fruiting branches the variation iu 
interval is comparatively small. 

(2) The range of variation is greater as the distance from the 
first fruiting branch increases. 

(3) The average number of days increases with the distance 
from the first fruiting branch. 

Now the reason for the increase of interval between nodes, 
and between successive fruiting branches is obviously that the 
rate of growth of the main axis slows down as the plant gets 
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older, and the rate of growing of any particular fruiting branch 
must slow down as the ‘ senescence point’ is approached. 

ABORTION OP FRUITING BBANCHRS. The maimer of develop- 
ment of a sympodium or fruiting brapeh is explained well by 
W. Nowell The following quotation is taken from this source : 

‘ Such a branch originates from one of the two buds at a node 
on the main stem or on a vegetative branch. Its first section 
(internode) grows out to nearly or quite its full length while the 
internodes to follow are quite undeveloped. At its first node 
a leaf is borne, and the original axis then terminates in a flower. 
At the base of the first leaf there are again an axillary and an 
accessory bud. One of these buds grows out to carry forward 
the branch, forming the second section, whicli ends like the first 
in a leaf and a terminal flower. Again a bud grows out to con- 
tinue the branch, and the same method of growth is repeated 
indefinitely.’ 

When elongation of the fruiting branch has ceased owing to 
its growth rate having become zero, one would imagine that in 
an ideal environment tlie terminal bud with the adjacent flower 
hud might remain dormant for an indeBnite period. Sooner or 
later however, in every case, the terminal bud turns yellow and 
drops, and the fruiting branch becomes ‘ aborted*. 

It has been observed that during periods when large numbers 
of buds and bolls were being shed, the terminal buds of 
sympodia were shed also, and conversely when there was little 
shedding of buds and bolls the terminal buds did not abort. 
Thus abortion of sympodia may be dealt with under the general 
heading of shedding. 

THE NODAL NUMBER OF PRUITISG BRANCHES. From J he crop 
records a table can be constructed in which the number of nodes 
per sympodium in Sea Island cotton is given. 
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Table IX. 

SHOWING NUMBER OF NODES PER FRUITING BRANCTI. 


No. of 
fruiting 
branch. 

0 

1 

2 

3 

|4 

5 

6 

7 

8 

9 

1 

1 

10 

Cases. 

i 

Average. 

1 


2 

ill 


- 


— 

__ 

3 

1 


22 

3*2 

2 



s 

s 

5 

1 

2 

2 

2 

1 


22 

4-1 

3 



e 


S 


1 

5 

1 

1 


22 

40 

4 



7 

J 

1 

2 

3 

4 

1 

3 


22 

51 

5 



1 

3 

2 

1 

5 

5 

4 

1 


22 

5-9 

6 




1 


2 

7 

5 

5 



22 

0-3 ! 

7 



1 

s 

2 

2 

7 

3 

2 

2 


22 

j 5*7 

8 



1 

0 

c 

1 

10 

4 

3 



22 

0-0 

9 





1 

6 

6 

8 

- 

- 

1 

22 

61 

10 




1 

3 

7 

7 

3 

1 



I 22 

5-5 

11 




1 

3 

7 

9 

2 




22 

5*4 i 

12 





7 

5 

4 

4 

1 

1 


22 

5-5 i 

13 




2 

1 

6 

7 

2 

1 

! 

22 

5-3 ! 

14 





7 

8 

5 

2 



! 22 

51 

15 




1 

7 

7 

4 

2 


1 

1 22 

5-1 

16 





8 

7 

4 

2 

1 


1 22 

.VI 

17 




1 

13 

4 

3 

I 



! 22 

4-5 

18 




3 

7 

7 

3 

- 

1 


1 

22 

1-9 

19 






8 

3 

2 



; 22 

19 ; 

20 




4 

1 9 

() 

2 

1 



: 22 

N j 

21 




2 

14 

4 

1 

- 

1 


1 22 

4-4 

22 



1 

2 

13 

4 

2 




! 22 

I 4-2 ! 

23 


1 

1 

6 

9 

2 

2 

1 




22 

3*9 

24 



2 

7 

9 

2 

1 

- 

1 



22 

3-9 

25 



5 

7 

0 

4 






22 

3 4 

26 


1 

8 

5 

7 







21 

2-9 

27 

2 

5 

2 

8 

3 

1 

1 





22 

25 

28 

3 

4 

4 

5 

2 

1 






19 

21 

29 

3 

5 

6 

3 

1 

„ 

1 

1 




20 

2-2 

30 

2 

6 

5 

4 

2 

1 






20 

2 1 

31 

5 

5 

1 

3 

1 

1 






10 

10 

32 

4 

4 

2 

5 

1 







16 

1*5 

33 

2 

6 

3 

3 

J 

1 






18 

1*9 

34 

1 

2 

5 

2 

4 







14 

2*4 

35 


3 

4 

2 







i 

9 

1*9 

36 


4 

2 

3 








9 

19 

37 

1 

2 

- 

3 








6 

1-8 

38 


1 

1 

2 








4 

2*3 

39 




2 








2 

30 

40 



1 

1 





i 



2 

2*5 

41 

J 

1 







1 


1 

2 

•5 


CONCLUSIONS. (1) There is a tendency for the first four 
fruiting branches to abort early. There is a considerable range. 
In fruiting branch 1, in particular, there is distinct bimodaluy 
from whi<m it may be concluded that certain plants have little 
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tendency to abort at nodes 1, 2 or 3, but produce the maximum 
number, i.e., the great variation in range in this case is probably 
caused by the fact that some of the plants are endowed with 
different hereditary tendencies. 

(2) Apart from the tendency to early abortion of the lower 
fruiting branches in some plants, there is a general decrease in 
the number of nodes as the top of the plant is approached. 

(3) The apparent partial recovery after fruiting branch 32 
is explainable. The plants passed through an exceptionally wet 
November and recovered somewhat in December. With the 
facts that we now have at our disposal we are in a position to 
^•onstruct the * average plant of the manurial series ’ as follows. 

From Tables IX and XI two curves have been constructed : 
(a) the curve of flowering of the average plant, (b) the curve of 
the number of nodes per fruiting branch in the average plant. 
These will be seen in Plates 7 and 8. 

THK FLOWERING CURVE OP THE AVERAGE PLANT. 

CONCLUSIONS 

(1) The curve rises more or less gradually to a mode in the 
6th week, and then falls at approximately tlie same rate. 

(2) Most tiowers are produced in the 5th, 6th and 7th weeks. 

(3) 1'lie superimposed curve compiled from a single plot in 
the manurial series shows a mode also in the 6th week. The 
reason for the form assumed by the flowering curves of tlie 
manurial plots is now clear. That most Mowers are produced in 
the 6tli week after flowering commences is a necessary con- 
secpieuce of the fixed values of modal interval and time interval 
between the iirst node in successive fruiting branches. It is 
undoubtedly the case in the West Indies that these intervals 
remain almost the same throughout the year, Kate of growth 
is mainly conditioned by temperature, and in the smaller islands 
of the West Indies the range of temperature during the year is 
extremely small. 

(4) The flowering curve of the average plant takes cognizance 
only of flowers produced on the sympodia of the main axis, and 
ignores bud-shedding. The shedding of buds may be the cause 
of considerable distortion of the flowering curve, and it is fairly 
safe to assume that the lowness of the plot curve in the 1st, 2nd, 
3rd, 4th, and also in the 8th and 9th weeks is due entirely to loss 
by bud-shedding. 

(6) The average plant in this particular manurial plot (1 a) 
is inferior to the calculated average plant. 



Table X. 


THE AVERAGE PLANT OF THE MANORIAL SERIES. 


FB. 

Nodes 


Time of 

flowering. 

1 

3 

1 

6 

11 




2 

4 

3 

8 

13 

29 



3 

5 

5 

10 

15 

22 

29 


4 

5 

8 

13 

18 

25 

31 


5 

6 

10 

15 

20 

27 

33 

40 

6 

6 

12 

17 

22 

20 

35 

42 

7 

6 

14 

19 

24 

31 

37 

44 

8 

6 

17 

22 

27 

34 

40 

47 

9 

6 

19 

24 

29 

3(i 

42 

19 

10 

H 

21 

26 

31 

38 

44 

51 

11 

5 

23 

28 

33 

40 

46 


12 

0 

25 

30 

35 

42 

48 


13 

5 

28 

33 

38 

45 

51 


14 

5 

30 

35 

40 

17 

53 


15 

5 

32 

37 

42 

49 

55 


16 

5 

34 

39 

41 

51 

57 


17 

5 

36 

41 

46 

53 

59 


18 

5 

39 

44 

49 

56 

62 


19 

5 

41 

46 

51 

58 

65 


20 

4 

43 

48 

63 

60 



21 

4 

46 

52 

59 

67 



22 

4 

50 

56 

63 

71 



23 

4 

53 

59 

66 

74 



24 

4 

57 

63 

70 

78 



25 

3 

60 

66 

73 




26 

3 

64 

70 

77 




27 

3 

68 

74 

81 




28 

2 

72 

78 





29 

2 

75 

8L 





30 

2 

79 

85 





31 

2 

84 

92 





32 

2 

88 

9(> 





33 

2 

93 

101 





34 

2 

97. 

105 





35 

2 

102 

110 





36 

2 

107 

115 





37 

2 

111 

119 





38 

2 

116 

124 





89 


120 

128 





40 

'3 

125 1 

5133 





41 

2 

129 i 

137 






Note. The i)iii 3 il>ors mifler time of flowering iilbuic to days after first 
flower, e.g,, 77 means the 77tli flay after the first flower. Fiotn Tal*lo X it is 
iwsftible to construct Table XI in which is sluwn the number of flowers 
opening in each week after flowering commences (refliicefl to |ii*r plant 
per day). 






Tablb XL 

BHOV71NO BATE OP Fi:X)WBRlNG OF AVERAGE PLANT. 


Week. 

No. of 
flowers. 

Per day. 

1 

4 

mm\ 

2 

9 

1-3 

3 

10 

1-4 1 

4 

13 

18 

5 

17 

2*4 

6 

18 1 

2-6 

7 

17 

2-4 

8 

13 

1*8 

9 

11 

1-6 


8 

1-1 

11 

7 

■EH 

12 

6 


i 13 

2 

0-3 


CURVE OF NUMBER OF NODES PER FRUITING BRANCH. The 
number of nodes per fruiting branch is the result of the inter- 
action between the hereditary tendencieo of the plant and the 
environment. In Sea Island cotton the maximum number of 
nodes, so far as I have observed, is 13 ; in Upland 14 ; in Seredo 
Type 2, 1 have seen as many as 30, while in certain types, notably 
Kidney cotton {G. branilienaef Macf.) I have never seen more 
than 5. It is cjuite clear that a group of factors governs this 
character, although it is to be admitted that unfavourable con- 
ditions can cause great distortions. There doubtless exist 
a number uf different strains, each witli its own ideal curve of 
nodes per sympodium, and the isolation of the best types will 
prove in the future an important part of selection work with 
cotton. 

THE FLOWERING CURVE OP THE CROP RECORDS PLANTS IN 
THE MANORIAL SERIES. A Study of the flowering curve (see 
Plate 9) compiled from the twenty-one plants studied in detail 
reveals the fact that there is great variation in the numbers of 
flowers produced from day to da^ Certain days stand out as 
good days ; others as 'very bad. The curves for the no-manure 
and complete manure plots have been drawn on the same plate, 
and it will be seen that the depressions and elevations are snared 
by every plant in the field. It remain$ now to investigate as 
far as possible the reason for this. 

Now October 22 and 25 are, compared wdth their neigh- 
bours, days when flowering was good, whereas the 21st and 
24th were poor days. Some clue to the reason has been obtained, 
but curves of the growth rate of the plants are not available, and 
these are necessary for a full discussion of the question. Now all 
the flowers which open on October 17 will possess a node 
beyond them which ought to produce a flower, and we know 
from the information given previously that this interval should 
vary from, say, three to eight days. In Table XII it will be seen 
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that taking the nodes which follow October 10, two flower in four 
days, one in five days, two in six days, and one in seven daviL, 
The other days are to be interpreted similarly. Now the flowers 
which follow most of the da 3^8 possess a distinct modal value, 
e.g. those following October 17 have a mode on the 5th day 
after. In all cases the modal value is at 5, fl, or 7. In certain 
cases there is coincidence of two modes on the same day, and on 
that day we find a high flowering rate. For October 111 tlio mode 
is 6 ; for October 20 the mode is 5. The two unite on the 2v5th, 
a day which has a very high rate of ilowering. Some days have 
no mode at all, e.g. the 21st, 24th, 2flth. and 29th of October. 
All these days are low flowering. It may therefore be concluded 
that certain factors operate which tend to bring the majority 
of the flowers which follow two successive days into flower on 
the same day. In the absence of exact measurenieut of the ral e 
of growth of the main axis, sympodia, and flower buds, it would 
bfc unwise to pursue the ([uestion further. 

Note, Some of the nodes following each day will fail to 
flower owing to bud-shedding, and it might be thought that the 
explanation of the low flowering rate of certain days might he 
found here. Ilud-shedding certainly has an elfect, but the main 
clue is afibrded by the above discussion. 

Table XII. 


SHOWING TIME OE FLOWERING OF NEXT NODE ON 
FROlTlNCi BRANCH. 
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INTERVAL BETWEEN FLOWER AND MATURE BOLL. It has 
been possible to obtain for a large number of eases the period 
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which elapses between the opening; of the flower and the time of 
opening of the boll from that flower. The results are set forth in 
Table XIII. 

Table XIII. 

MATTTBING PERIOD OF BOLLS (SEA ISLAND). 

Days. 



A. Heiilthy Lolls. 

H. Holls fliseiised H or 
Jiolls tliweascd or |. 


From the above table it will be seen that the modal value for 
healthy bolls falls at fifty or fifty-one days, and most will 
eertaiuly open between forty-nine and fifty-three days. In 
regard to the diseased bolls, no attempt has been made at 
distinguishing between those affected by internal boll disease 
and those by external boll disease. Many bolls are affected by 
both diseases so that in practice a distinction is very difficult. 
The average period of maturity is much the same for the diseased 
bolls but the range is wider, owing to one or two very erratic 
specimens which have opened either very early or very late. It 
is interesting to compare the maturing period of the bolls of 
Southern Cross, a variety of Upland. It is set forth in the table 
below. 


Table XIV. 


MATURING PERIOD OF BOLLS (UPLAND). 
Days. 
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The average period of maturity is distinctly lower than Sea 
Island. The last two plants have a lower average than the first 
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two,^ I believe the varioty to be a pure strain but would not too 
hastily ascribe the earlier period of maturity in the dwarfed 
plants to their environmental conditions. Balls’s conclusions in 
regard to the maturing period of bolls in Egypt arc summarized 
in the following quotiition : - ‘ This period is variable, its length 
being in the first place specific. At Cairo King Upland has a 
mean period of 42 days, Egyptian Rultani of 51 days, Egyptian 
Afifi of 48 days. P.E.‘ 3 per cent. The maturation period is 8 
days longer in the middle Delta than at Cairo.’ 

Thus the Egyptian results do not differ very appreciably 
from those in 8t. Vincent, allowing tor tt>niperatiiro differences. 

BOLL-SHEDUING. It has been demonstrated tliat the chief 
cause of loss of crop is due to the shedding of bolls and buds. 
Xo wel I states, ‘It has been established that slu'dding occurs 
when from any cause whatever the amount of water taken in by 
the roots falls short of that which is given out by the leaves. 
Undue exposure to wind, caking of surface soil, drought, loot 
interference, root pruning by cultivalion, excessive vegetativt^ 
growth brought on by rain during tlio liowering [)eriod, and 
the asphyxiation of the roots in water- logged soil ar(‘ all (japable 
of bringing about bud-shedding.’ Tlie soundness of these 
remarks is fully borne out by the crop records. 

It is of interest to determine the period when the bolls are 
in the most susceptible period for shedding. Table XV presents 
the data in statistical form. 


Table XV. 

SHOWING PERIOD AT WHICH BOLLS ARE MOST SUSCEPTIBLE 
TO SHEDDING. 

Days after flowering. 


— 

1.7 

8-J4 

15-21 

22-28 

29-36 

37-42 

43-49 

Total. 

No. shed 

143 

161 

116 

43 

14 

1 

1 

179 


It will be seen that during the fifty-one days’ life of the boll 
the first three weeks are the most susceptible, and broadly speak- 
ing it seems that if a boll is able to stay on the plant for twenty - 
one days there is considerable probability that it will arrive at 
maturity. It will be shown subsequently that boll shedding is 
aggravated by the fact that if a boll be attacked by disease in 
such a way as to interfere with the normal conduction of food 
material into the boll, the latter is rendered very susceptible to 
those conditions which induce shedding, and thus we find that in 
very wet or very dry periods, enormous numbers of almost 
full-grown diseased bolls will be dropped. Thus boll-shedding 
may be sub-divided into (a) natural shedding of sound bolls 
usually not more than ten days old, (b) shedding of bolls attacked 
by internal boll disease or eternal boll disease. These bolls may 



be much older than those naturally shed. It may be thought 
that the shedding of diseased bolls does not matter particularly, 
but it is important because the shed boll may contain one or 
two healthy locks which would be gathered in the ordinary 
course of events. 

Any cause which extends the period of susceptibility is 
bound to cause great loss of crop, particularly as it is somewhat 
unusual in St. Vincent for a boll to go through its first twenty- 
one days without meeting conditions which tend to cause 
shedding. 

Comparison bbtwebn St. Vincent and Egypt in regard to 

Shedding. 

The average yield of lint in Egypt is stated to be about 
4501b. to the acre —far higher than any other cotton-growing 
country. Information in regard to the loss caused by shedding 
in Egypt has been given by Balls, and it will be instructive to 
compare the position in Egypt with that of St. Vincent. Balls 
says: ‘ The organs shed by the plant are cbielly flowers shed three 
or four days after opening, and hence only described as bolls by 
courtesy. Ripening bolls up to 2 centimetres in diameter may be 
shed, but this is less common.* Table XV gives only the liumber 
of bolls shed in the first seven days after opening, but it may be 
said that out of the 479 bolls which dropped, 74 or roughly 16 per 
cent, dropped in the first four days after opening. Thus we see 
that in general, the loss of crop in St. Vincent through shedding 
<^f young boils is comparatively unimportant compared with that 
caused by shedding of older fruits. Now, according to Balls, boll 
diseases are almost unknown in Egypt, whereas in St. Vincent 
they are the chief agents responsible for the heavy shedding of 
bolls. 

Again it is stated by Balls ; ( 3 ) ‘ For some reasons which are 
not yet understood, the open flower is extremely liable to 
*• shedding ” . . . . The shedding of older fruits is much rarer.* 
Again he says ; 'It seems to have escaped notice that the shed- 
ding takes place almost entirely in the flower stage .... The 
flower stage is thus extremely liable to shedding, possibly for 
i^asons connected with the chemical side of pollination, or with 
the greater transpiration from the open flower.* 

In St. Vincent the shedding of open flowers is so rare that it 
may be ignored as a source of loss. No case of an open flower 
being shed was recorded in the whole of the crop records series. 
Occasionally I have seen isolated examples on estates in very dry 
periods. 

Balia devotes so little attention to bud-shedding that we may 
assume that it is not an irhportant source of loss in Egypt. In 
8t. Vincent the loss from bud-shedding is often very great, par- 
ticularly when heavy rains are experienced about the o^th to tlie 
12th weeks after planting. Then the common type of Sea Island 
plant on estates is similar to the diagrams of 1. 11. 1. and I. 11. 2. 
on Platf^ 6, where most of the early buds have been shed. 

The loss in Eg^pt through shedding is stated to be about 
40 per cent. Assuming a loss of only 40 pir cent, in St. Vincent 



195 


we should get an avera ge yield in the complete manure plots (8) 
of 1,5581b. of seed-cotton per acre, equivalent to 89011>. of lint. 

The Relative Efficiency op Flowers Produc^ed on 
Different Parts op the Plants. 

Now if as Balls says, the cause of shedding of a particular 
boll be due to a shortage of water for that boll, it seems likely 
that bolls on the outermost nodes will be most liable to shedding, 
and further it follows that flowers may have very different 
relative values according to whether they are produced in places 
where they are liable to be shed or not. The figures available show 
that this is the case. In Table XVI will be found the results of an 
examination into the effect of the position of the flower on the 
chance of maturing. 


Table XVI. 

SHOWING EFFECT OF POSITION OF FLOWER ON CHANCE OP 
MATURING. 


No. 

of 

node. 

No. of 

flowers. 

No, 

of 

bolls. 

Per cent, 
bolls 
to 

flowers. 

1 

280 

76 

33 

2 

185 

70 

37 8 

3 

172 

1 65 

37-8 

4 

134 

! 20 

14-9 

5 

116 1 

1 17 

14-7 

« 

50 

5 

100 

7 1 

15 

0 

0 

8 

4 
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9 ! 


I 
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Although the results are by no means complete, it is certainly 
the case that the value of flowers on nodes 1, 2 and 3 is more than 
twice as great as those on later nodes. It is apparent that nodes 
6, 7 and 8 are practically valueless. Nodes 2 and 3 show the same 
percentage of nowei’s maturing into bolls, a greater percentage 
than that of node 1. If a further dissection of relative values 
were made it would no doubt be established that the value of 
node 1, 2 or 3 would vary according to the fruiting branch. Thus 
a flower produced, at the very top of the plant very seldom 
matures a boll, while those near the middle usually do. The 
figures obtained so far are suggestive, and indicate the necessity 
for further research. The mam point is that for any particular 
planting distance there are certain flowers more efficient than 
others, the efficiency being measured by the chance of maturing 
into a boll. If nodes 5 to 8 are of little value, it is obviously a 
waste of energy on the part of the plant to produce them. 

To prevent their production the plants could be spaced 
clos er. Will closer planting reduce the efficiency of flowers on 
the first three nodes to any extent ; and if so, by how much ? 
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What we have to aim at is to find that planting distance 
which is favourable to the production of most flowers of optimum 
efficiency. The efficiency of a flower must vary from season to 
season, but I imagine that the relative efficiencies of different 
flowers on the same plant must change but little. 

THE SHEDDING CURVES. To return to the subject of shedding ; 
Balls has given on page G8 of ‘ The Cotton Plant in Egypt shed- 
ding curves of the field crop at Giza 1910, compiled from 1,300 
plants collected weekly. The chief differences between Balls’s 
curves and ours are these : (a) bud -shedding is much more 

important in St. Vincent than in Egypt ; (b) flower-shedding is 
quite rare in St. Vincent, whereas it is a serious source of loss in 
Egypt. 

Balls’s direct curves of shedding are from weekly collections ; 
oui*s are from direct daily observations of a small number of 
single plants. It would be impracticable in this island to make 
weekly countings of buds shed. In the first place many of the 
buds shed are not more than 2mm. in diameter and would escape 
liotice even if tliey remained undecomposed. Under the condi- 
tions of high relative liumidity in the tropics, decomposition of 
vegetable matter takes place with extreme rapidity. If buds 
of so small a diameter are shed in Egypt, it is probable that 
Balls’s bud-shedding curves are too low. 

There are three ways of compiling data for a shedding 
curve : — 

(1) Counting the number of bolls, flowers or buds which 
have dropped on the ground. 

(2) By subtraction, e.g. ‘ Since the mean for the standard 
Afifi strain at Cairo lies at 48 days zb 3 per cent, we shall not. 
introduce any serious error if we plot the mean shedding curves of 
this strain by subtracting boiling from the flowering of seven 
weeks previously. Such a subtraction result is not precise, but it 
is very useful in cases where direct shedding records have been 
impossible.’ 

(3) B}^ daily examination of a group of plants and recording 
all buds or bolls shed during the preceding twenty-four hour^ 

Now, under St. Vincent conditions the first method has 
been stated already to be impracticable. TJie second would give 
not a shedding curve but a ‘ loss curve *, since cryptogamic 
disease a tremendous part in preventing bolls from 

maturing. The third is the only precise method, and is the one 
which I have adopted. The subtraction curve in Egypt gives a 
gimt deal of information as to the conditions which induce 
shedding, since cryptogamic disease is unimportant as a source of 
loss in that country. In this island we should only be able to 
interpret a mode in the shedding curve as signifying that flowers 
opening on a particular date met with unfavourable conditions 
which caused either shedding or total destruction by disease. 
In the case of the soft-rot disease caused by a species of 
Phytophthora. the bolls are seldom shed, but remain on the plant 
in a hard and dned-up condition. The subtraction curve would 
afford us relativel;^^ little information as to the effect of 
sneteorologioal oonmtious on any particular phase of loss. 
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In Plate 10 will be found the direct «heddin^ curves of bolls 
and buds, compiled from plants in the (Top records series. 'Die 
data cover the period from Oelobe!- 25 to January 15. On 
the same plate will be found a graphical presentation of rainfall 
and relative humidity daring the same p(‘riod. 

The heavy shedding throughout the lalter part of October 
and the whole of November will be uoUhI. Tiie general cor- 
respondence between the two sliedding c-iirves is most marloal. 
The rainfall curve shows extremely heavy pri^cipitation almost 
throughout November, and it will be seen that the sliedding is 
heaviest in the neighbourhood of tlu^ heaviest- downpours. It 
would he unwise to enter into a more detailed discussion as to 
the more particular (tauses of the heavy slu'dding on ciTtain 
days and tlie comparatively light sliedding on olh(*rdays, since 
accurate information on tlie amount of soil moist ni*e and its 
permissible limit and on amount of wind, sunshine, (dc,,, is wanting. 

TJiis mu(!li may bo said, that as far as the evid(*nce got^s, the 
heavy shedding in OctolxT and November was due to heavy 
rainfall during that period, which caused rool asphyxiation. 
Absorption was thus interfered with and sht*dding iiidiu^ed. 
A point to imtu^e in connexion with this sul)je(!t is that two 
things are necessaiy io prodiu^o a high mod(‘ in the shedding 
curves : — 

(1) A large number of bolls <n' buds iu the most, susceptible 
stage for shedding. 

(2) Water-shortage for those particular buds or bolls. 

If ther(^ is no shedding on a particular day it may signify 
that the number (»f buds or bolls in a susc(^ptible stage is small, 
i.e. previous unfavourable conditions may hav(‘ (caused every 
available bud or boll to drop. The absence* of sluslding does not. 
necessarily imply that the shedding conditions are nob ])i*csent. 

RELATION OP ORYPTOGAMIC DISEASES TO YIELD. What is 
definitely known of the fungoid and bacterial diseases of S(‘a 
Island cotton in the West Indies has been summarized by Nowell. 
The mycology of cotton diseases is at present not well understood, 
but I shall, I believe, not be contradicted if T put the following 
down as the most seriotis diseases of cotton iu St.. ViiK*ent : — 

(1) The Internal Boll disease. 

(2) The External Boll disease. 

(3) The soft-rot or Pliytophthora disease. 

THE INTERNAL BOLL DISEASE. Now, as will luiVUi hee.U liotod 
from the plant diagrams (see Plates 3 to 0) the internal boll 
disease was a serious source of loss throughout the season. It 
has been shown to be dependent for its spread on certain [)lant 
bugs, notably the cottoi: staincr {DyadercuH delauneyi^ Letli.,) 
Nezara viridula, and probably also JhJdesm meditabunda, Pabr. 
During very wet weather the disease (which may be due to fungi or 
bacteria or both) assumes a bacterial phase, while iu drier weather 
the fungoid phase is predominant. During the season under 
review cotton stainers were in the plots from the time of planting 
onwards, having spread from silk-cotton trees in the neighbour- 
hood Hand oolleoting was practised throughout the season 
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and no increase was noted in the number of stainers 
until the middle of December, when they appeared in 
overwhelming numbers quite suddenly. By the end of December 
it was scarcely possible to find a boll unafiected by the internal 
disease. 

It may here be reiterated that with cotton stainers present 
in large numbers cotton growing in St. Vincent becomes impossi- 
ble. A few stainers, it must be remembered, can impart disease 
to a large number of bolls. The impracticability of hand 
collecting as a means of controlling the cotton stainer was 
thoroughly demonstrated during the past season. 

The bacterial and fungoid phases of the disease appear to be 
equally destructive. Thus while humidity conditions apparently 
determine the distribution of the two phases, the damage caused 
by the disease does not lessen in dry weather. The problem of 
the control of the cotton stainer has received great attention, and 
it is hoped that the recent legislation for the destruction of the 
wild rood-plants (Ertodefidron anfractuosnm and Theapeaia 
populnea) will relegate this peat to a position of minor importance. 

THE EXTERNAL BOLL Dls^fiASE (B. malvaceanim). In re- 
gard to this disease, presumably due to Bacteinum malvacearum, 
the relative humidity of the atmosphere plays an important part 
in regulating its distribution and the amount of loss caused by it. 

My experience of cotton growing in dry islands (St. Croix 
and the Southern Grenadines) and in an island of heavy rainfall 
such as St. Vincent, leads me to believe that the amount of 
destruction wrought by the disease is quite directly related to 
humidity. In St. Croix there is little damage by the disease. It 
appears in wet weather but is unable to make much headway 
when less humid conditions prevail. In the Southern Grenadines 
the disease is quite unimportant as a source of loss. 

As has been stated earlier, much of the boll- shedding was 
due to this disease and to the internal boll disease. It was found 
in practice difficult to disentangle the two, so that when shedding 
due to disease is alluded to, one or both diseases is meant. 

THE SOFT-ROT OR PHYTOPHTHORA DISEASE. The dependence 
of this disease on high humidity is shown by means of tne graph 
on Plate 11. In the crop records the dates were taken when 
bolls were first noticed to be badly attacked. It will be seen 
that previous to the week ending November 16 no cases of 
soft-rot were recorded, but during that week and the next two 
a large number of bolls were attacked. The number of attacked 
bolls then fell off rapidly and no oases were recorded after the 
week ending December 28. The humidity curve was compiled 
from the wet and dry bulb readings taken at 9 a.m. each day. 
The instruments were kept in a Stevenson screen. The reading 
only mve an approximate idea of the humidity conditions in the 
neignbourhood of the experimental plots and are certainly too 
low for the first two weeks in November. During that period 
the rainfall was so heavy that water was standing between the 
rows tor some days, and the relative humidity on these occasions 
must hnave been near the saturation point. On November 
2, 3, and 4 the relative humidity in the Stevenson screen was 
paloi;iUte4 to be 89| 85, and 95 per oent, respectively. 
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The disease is most virulent, and once a boll is attacked it 
produces no cotton whatever. Attacked bolls usually wither and 
dry on the stem. Enormous damage was done by the soft-rot 
disease during November. 

RELATION OF BOLL DISEASE TO CAUSE OF DROPPING. Oil 
November 16, a time when large mimbors of bolls were 
being shed, a number were collected just, as tlu^y were dropping 
from the plants, and classified as follows : — 

Affected by Internal Boll disohse ... 160 or 64 per cent. 

Affected by External Boll disease .. 511 or 21 

Healthy bolls 27 or M‘8 

This .shows that most of the boll-shedding during a very wet 
period was due to disease. All bolls clas.siticd under Internal 
Boll disease had that disease and no other, and it may therefore 
be concluded that cotton stainers are an oven mon^ serious sour(‘o 
of los.s than was before imagined. 

On the light soils of St. Vinc<‘nt the loss of healthy bolls 
througli .shedtliiig is unimportant (?ompAi*ed with that from 
disease. 

Notes on Some Miscellaneous Plant DiAimAMs. 

The plant diagrams on Plates 4, 5, and 6 reejuin^ some 
explanation. 

KIDNEY (G. brasiUeme, Macf.). This type is apparently 
indigenous to St. Vincent. The diagram shows well the early 
abortion of the fruiting l)ranclie.s, characteristic of this species. 
It will be noticed that the number of bolls whicli matured is large 
in proportion to the number of flowers produced. The plant was 
growing in an isolated place and suffered very litthj from the 
attacks of cotton stainers. 

UPLAND. The four Upland diagrams, of the variety Southern 
Cross, illustrate the effect of subjecting the plants to different 
environments. Plants (T) and (2) were grown in deep rich soil ; 
(3) and (4) in poor shallow soil. The first two plants produced 
. a much larger number of Howers but the shedding was greater. 
The three Cauto-Upland hybrids are interesting as showing the 
hereditary nature of the number of nodes per fruiting branch. 
Call to is similar to the Kidney cotton and never produces more 
than six nodes on the fruiting branch. It is apparent that the 
habit of producing a large number of nodes per fruiting branch 
is dominant, and no exception to this rule has been noted in the 
very large number of different hybrids which have been under 
observation during tlie past season. Plants (1) and (2) of the 
Cauto-Upland Cross were grown in poor and shallow soil 
adjacent to Uplands (3) and (4),) while plant (3) was planted in 
deep rich soil. The greater shedding of plant (3) is most pro- 
nounced. 

SBA ISLAND. Plants I 11. 1, and I 11.2 show the effect of 
continued wet weather at the commencement of the llowering 
period. Planted at the end of August they should have come 
into flower at the end of October, but owing to the large amount 
of bud-sbedding on the lower fruiting branches the first flower 
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did not appear till a month later. This shedding ceased abruptly 
when drier conditions set in, and the sharp transition is shown 
well on the diagrams of these two plants. Plants (37) and (38) 
were planted at the beginning of November. They escaped the 
heavy rains, for no flower buds had yet formed. These two plants 
grew to a height of about 3 feet. Very few buds were shed and 
practically all the bolbshedding was due to the internal boll 
disease. Note that scarcely a single boll opened normally, the 
above disease being responsible. 

General Considerations. 

From what has been said it is clear that the loss of 
crop sufiered by St. Vincent plantei^s year after year has 
been due chiefly to shedding caused through heavy rainfall 
and complicated by fungoid and bactei ial disease. The plant 
diagrams of I 11.1, and 1 11.2 are characteristic of the June 
and July planted cotton, practically half the crop being lost 
through bud-shedding and the remaining half subject to 
attack by diseases owing their virulence to the usual heavy 
rains. Previous experience has shown that unless the majority 
of the bolls hav^e matured by tlie middle of December there 
is little chance of obtaining a crop. Late planted cotton 
is usually of the type of plants 87 and 38, showing little 
bud-shedding, but a large number of bolls, the latter being 
invariably spoiled through internal boll disease. Planters 
have therefore avoided planting their cotton late. If the recent 
legislation against the food- plants of the cotton staiiier has the 
desired result of relegating that pest and the internal boll 
disease to a position of minor importance, there is no reason why 
the loss hitherto suffered unavoidably through heavy rainfall 
should not be largely diminished by sowing the seed, say, at the 
end of August or even in September. The validity of the conten- 
tion that better results will in the future be obtained from later 
plantings must be placed on a sound experimental basis by the 
Agricultural Department before planters are advised to change 
the time of planting to which they have been accustomed. 

It will have lieen seen that the plants themselves are not 
responsible for the low yield. Their innate capacity for bearing 
a large crop cannot be doubted ; it is the conditions that have 
been at fault, and it follows that the statements which have been 
made from time to time that the plants have ‘ deteriorated ’ are 
incorrect. 

The possibility of controlling the cryptogamic diseases of 
cotton by means of fungicides must now be considered. In a 
recent bulletin of the South Carolina Experiment Station ('*) will 
be found an account of spraying experiments against the j\jigular 
Spot disease, and it is claimed that six sprayings during the 
season will control this disease to the extent of 98 per cent. It 
will therefore be necessary in the future to confirm this statement 
by repeating the experiment under St. Vincent conditions, but it 
is feared that the results will not be so good as those obtained in 
South ^rolina. Difficulties which candbe foreseen are the con- 
tinuous rains which may make spraying impossible for days 
togetheri the difficulty of wetting the simaoeof theboU com- 
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pletely, protecttMl as it is Uy i\n- involucre of bracts, and the 
rapidity with wliicli tlic youn^ Icavt^s imfold while the })hint is in 
riill ^rowtli. 

In regard to the iinproveinent of yield by moans of t he breed- 
ing of disease-n'sistajit sorts, it will be n*eoll(vtol (hat, the chief 
variety of Sea. Island (‘.itton grown in the West Indies is the 
‘ Rivers’ variety, originally a single plant, selection made in the 
Sea Islands against the ‘ wilt ’ disease, 1’he ‘ Uivers ’ tv])e is 
said to be ratlu'r susceptible to the angular spot disease [h\ 
}na/t'(tfcayinn\ It. might b(‘ ex[)ected iJiat the chanc(‘s of limling 
a typi^ resistant to angular spot in this varietv would Ix^ very 
remote. Thus we hud that after many yeais* work th«‘ searirh fdr 
a resistant variety in the West. Imlies has nu't with no sueeess. 
Anothei* ])oint. to eonsidiS' is that, the strains of cotton in most, of 
the islaiuls have been de\»‘loped by the pedigree system of selec- 
tion, and it may be assumed tiiat as these strains obviously bn^ed 
true to absence of resist anee, it is of no use selecting from them 
with the h()])e of isolating a resista.nt vaiietv. 

Again, it. is mf>st important to ])()int out that the hreeding of 
new eot.toiis is hy no means an easy matter. As Jhills(Mhas 
said : ‘(’otton is om* of the l(*ast snital)lc plants for g<‘netic inv(‘s- 
tigation, and any university working with it 'vouhi i*<Mjnirt‘ heavy 
snbsidit's, which in theii* tuin would demand results Wlum ea(.‘h 
plant i*(Mpiii*es a .s<juart‘ mein* <*f ground, when c‘\t*ry Itower used 
for sccmI has to be art itieiallv javvented Irom crossing l>y bees, and 
when all tlui held work nnist b(‘ earri(‘d out. in a siil)-lropi(jal 
I'linnite, the genus eamiot be regard<‘d as a et)uveui(mt one for the 
purpose, even if we disr(»gai’d tlie trouble wliieli ginning invoKa^s 

in tile handling of p(*(iigr(*e seed The niaiiiUaiane-e cost is 

too great for any iinivt'rsitv, in propt>r(ion to tlie n‘snlts obtained 
the tiin«* ami skill re(|riire(l ai*e loo great t.o make sneli woi*k a 
])aying propo.sit ion for any eomimna'ial body,' 

(.’(‘rtain of the typ -s of cotton grown at tin* lOxperiment 
Station show I’csistanee to tin* angular spot di.st*ase wbieli is 
(jiiil.e (lehiiilely geiieii(t. What innsi be aimed at is to syntliesi/.**, 
a imw type of cotton, combining t lie desirable <|naliti‘‘S of S«*a, 
Ishind cotton Nsdlli lie* disease resistance, of these oUaTwise 
undesirable varieties. Smdi i(hdiberale syntliesis is no mean task, 
and \'!e are informed by Balls that in Kg> pt he only aceojiqdislied 
the first synthesis of a desircfl type of cotton aftta* nine years of 
work. 

In conebtsioo I wish to extend my thanks to Mr. Floris 
Simmons, Foreman of t)i •. K\perirn‘*nt Station, for his services in 
conne.xion with the eompilation of the llowering and hilling 
records. 
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Explanation of Symbols in Plate 2. 

B. signifies that a boll was present when observations 
began. 

F. signifies that a flower opened. 

B.S. „ Bud-sheih 
D. Dropping of Boll. 

D. (by itself) „ „ or Bud. 

< ). signifies Boll opened. 

O. H, ele. Jfoll opened but was only or 5 good, the 
re.st being spoilecl or rotted by disease. 

Ax. - The Axillary Bu<l. 

E.B.J>. - The*Extermil Boll disease. 

l.B.D. - The Internal Boll disease. 

P. •- The Phytophthora disease.. 

Ah. - The abortion of the tenninul bud wlneh carries on 
the fruiting branch. 


Kxplan.4Tion of Symbols in Platks o~G. 

s Bud-shed. 

8 Bull shed 
D Bu<l or Boll shed, 
a Aborted. 

0 Boll opened normally. 

1 Attacked bv l.B.D. 

E „ ; K.BD. ^ 

P ., „ Ph 3 'tophtbora. 

B Boll still on plant at time when diagi’am was compiled. 
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SUBJECT 


Sir, 

I have the honour to return the following four 
journals which were sent to me on loan:- 

(1) Annual Heport of Long Ashton Agric. and Hort. 

Hes. Station, 1926* 

(2) U. S. Depart* Agr. Bur. of Plant Indus. Bui. No.44, 

1903. 

(3) Kew Bulletin, 1896. 

(4) West Indian Bull. 16, 31-71, 1916. 

I have the honour to be. 

Sir, 

Youi’ most obedie^xy\ servant, 
Liycologist. 


JPQ. 
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INTERNAL DISEASE OP OOTTON BOLLS IN THE 
WEST INDIES. 

by WM. NOWELL, D.Lf\, 

Mycologist on the StaflFof the Imperial Department of 
Agriculture for the West Indies. 

This paper deals with the facts ascertained and the 
conclusions reached in the study, as yet incomplete, of an alfeot ion 
of cotton bolls in the West Indies, characterized by tlie progressiv i 
staining and rotting of the lint in green unopened bolls of Tiealthv 
external appearance. 

Such staining is sliowii to be due to the infection of the 
contents of the boll with certiin specific* fungi,* previously 
described in this Journal* or with bacteria as yet undefined ; 
which organisms gain access to the interior of the lioll by means 
of the punctures made by bugs, mainly D//sf.k?rus npiK (anUon 
stainers) and Nesara viriduln (green bug). 

In bolls which are approaching to full size, and in which tb»' 
lint is well developed, tlie result of an infection is the production 
of a stained patch due to the growth of the invading fungus or 
bacterium on the lint. According to cir*cumstances this may be 
small, or may, alone or with other infections, spoil the (M)ntents 
of the whole lock. The effect on younger bolls is more nniforinly 
severe, owing to tlie more susceptible condition of tin* boli 
contents, and the longer time afforded for the growth of ihe 
invading organism. Many such bolls are shed before maturity, 
and in the remainder the contents of the infected locks arc more 
or less c ompletely rotted. 

The prevalence of the affection is mucli greater mi some 
islands than in otliers, and in some seasons than in others. 
Heavy losses from the disease are experiem^ed only in the sec*ond 
half of the picking season. In the years and situations most 
marked by its prevalence the losses in the first picking of May- 
planted cotton (September- October-November) are commonly 
negligible, and have not been found to exceed 20 per cent, in the 
local outbreaks which have occurred, but during the second 
picking (November-Deceniber-Januar 30 they rise very rapidly 
and in the last-mentioned month may be close upon 100 per cent. 
The yield of early planted cotton is thus not seriously affecjted, 
but that of late cotton is, on occasion, almost totally de.stroyed. 


•Four species have been found, referred to for the presont by tiic letters 
A-D. All bear elongated spores in sporangia which originate as expan8ion.sof 
simple hyphae. In species A fhe s|^res show no. orderly arrangement In 
Species B they occur in two conical bundles interlocking at the base ; this 
form appears to correspond with Ereinothecivm cymbalariat^ Borzi. In 
Species U and D the spores typically lie in two equal groups end to end, some 
dutance apart but connected oy the w'hiplike appendages of the spores. The 
tballua of Species 0 Is typically hyphal ; that of I) is typically yeasr-like, hut 
assume the hyphal form under some circumstances. Sfiecies closely resembling 
1) have been described as forming the genus Nomatospora. Both the genera 
pamed occur so far as is known only in fruits. 
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I. REVIEW OF LITERATURE. 

Damage to Cotton by Bugs. 


The Btatemants of entomologists with regard to the manner 
in which bugs of the genera Dysdercus and Ozvcarenua earn 
their popular name of cotton stainers are marked by a spirit of 
hesitation and surmise. 

* Mr. H. A. Ballou ^ and Dr. A. W. Morrill '■ ^ have each 
collected references to this question. Ballou writes - 

In the West Indies*, there seems to be a considerable difference of opinion 
as to the amount of damage caused by cotton stainers. Planters believe that 
tliese insects injure the young bolls by puncturing them and supking the 
juice, and that they injure the fibre by staining lo ; but they do not seem to 
have estimated the loss from this cause, cither in the amount of the crop or 
in the reduced value of the .stained cotton. It cannot, however, be duubteri 
that the presence of lurge nnmbets of these insects in cotton fields causes 
a considerable decrease in the amount and value of the crop. 

The same author points out the need for investigation of the 
whole question of cotton stainer injury. His own conclusion 
is, that, in addition to the damage directly due to the drain 
upon the juices of the tender parts of the plant, the young insects 
may cause staining by feeding in newly opened bolls. He 
mentions the possibility of their being caught in the gins and 
crushed, thus imparting a stain to the lint. 

Ballou quotes, among others, the following authors : 
(a) Schwartz, to the effect that cotton stainers in the Bahamas 
regularly destroy the entire summer (January) crop, and half 
or more of the second crop ; (b) Glover, that the principal 
' injury the cotton stainer does is by sucking the juice of 
the seed and boll and then voiding an exc remen titioiis liquid 
which stains the fibre yellow or reddish ; (c) Howard, who states 
that in Cuba, although enoi'mous numbers of the species 
D. midreue occurred on the young bolls in January or 
February before they opened, they had no effect on the plant 
except the dwarfing of the bolls Towards the end of March, 
however, when tlie picking had been nearly finished, the stainers 
attacked the fibre remaining in the field, and stained it badly. 

Morrill refers (a) to Glover as having, in 1855, indicated 

S ant bugs as possible producers of rot iu cotton bolls, (b) to 
ally as i*ecoraing that certain bugs puncture bolls causing 
them either to drop or, alternatively, to have a tuft of stained 
lint in the section punctured, and (c) to similar observations by 
Sanderson. 

^ Morrill is able to state positively that the popular idea that 
staining is due to excrement is unfounded in Mexico, and he is 
dispos^ to be sceptical of all similar statements. Eight stainers 
(Dysdercus) kept by him for ten days in a cage over a layer of 
8era*cotton, and fea on a green boll and a piece of orange rind, 
caused no staining of the lint. He directs special attention to 
the observation of a Sea Island grower in Florida who wrotu 
to Glover 

The pod or boll is perforated by tho bog. Whetlier the staining matter 
is Imported to the fiber of the cotton during the perforation dlreetly, or by 
a slow process diffusing itself with the s^ abounding at the time Is no 
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Of^certaincd. lam of the luUer opifiioo, from (he fa( t (hat almost the entire 
product of the boll is discoloured when it opeii^, wliioh does not seem at all 
to cause a premature development. 

Morrill has made the most complete study yet piihlished 
of the injuries arising from plant hug attack on cotton bolls. 
The observations were made for the most part in connexion with 
the conchuela {Pentatoma ligata^ Say) hut it was found that the 
same effects were produced by other hugs upon which studies 
were made. 

He gives a detailed description of the ctrects of punctures, 
(quoted in a later section of this paper) with which the observa- 
tions made by the present writer, in connexion with cotton 
Stainers and green bug, exactly correspond. 

He mentions cases of dam.age in the United States, mostly 
attributable to Pentatomid hugs, extending to I or 5 per (*ont. over 
a larg«? area, and a particular case where of forty tliree green 
bolls picked at random, 58 per cent, were damaged, oO per 
cent, being ruined, and the otliers badly stained. 

An examination of twenty-nvo bolls Hle>wed an average num- 
ber of 8*9 punetiires in destroyed locks, o*;! in sliglitly injured 
locks, and 1*8 in uninjured locks. One boll liad Hfty-five punctures, 
with the lint only slightly stained. From the iignres given and 
from the mention of heavy staining and decay of lint, it seems 
probable, in the light of West Indian experiemte, that organic 
infections were involved. WitJi this .aspect of tlu' subject the 
writer does not deal, beyond indicating the transmission of boll 
diseases by bugs as a promising field h)r rcsearcli. 

Messrs. P. L. Guppy and T. Thornton,^ writing of the cotton 
Stainer in Trinidad amt Tobago, say : — 

Tlie damage is done bef(»rc tlio bolls open by (ho ins 'cts pieo ing IIk? walls 
ill order to obtain the juices, and (be cell s.ip (‘Viides (hrongb llio pmietiires 
thus made on to the cotton lint which is liciiu tnri!.(;d insid • the holl. 

The damage done by Dysdercus b'abr., in India, is 

discussed by Professor If. AiaxwclUUcfroy. ' The. main attack is 
on the green boll, and the result o/ the <*x(,raclion of sap is shedding 
or the production of small bolls (ujutainiug bad fibre, which open 
prematurely. The deposition of excrement in open bolls and the 
crushing of nymphs are referred to, Imt the statement is made 
that the normal damage to cotton in India is nob by staining. 

Tlie cotton stainer in Egypt is OrijrarvunHliynlipennis^ Costa, 
which becomes extremely plentiful towarrls t)io (uid of the picking 
season. Mr. F. C. Willcocks’ '" states that the injury effected is 
not very apparent and is difficult to define. It probably consists 
of shedding, ‘light seed,’ and weakening of fibre, induced by the 
sucking of the juices of bolls and seeds ; matting of fibre, and 
dirtying of the fibre by means of cast skins and excrement. The 
influence of excrement and gin-crushed stainers is regarded as 
unimportant. 

Dr. W. L. Balls ^ has commented on the damage done to 
cotton seed in Egypt by stainers. In circumstances which 
permitted of accurate determination it was found that the 
percentage of seed which failed to germinate was proportional to 
the time of its exposure to the bugs and the numbers in which 
they were present. The proportion reached 98 per cent, in 



extreme casefl. The failure to germinate was to a con- 

dition of the radicle marked by brown discoloration. The cells 
ill this organ were found to be unhealthy or dead. No infection 
could be detected. Tests which were m^e showed clearly that 
the saliva of the bug is in some way poisonous, and continues to 
destroy the cells in contact with it for some time after the 
proboscis of the bug is withdrawn. In this connexion it may be 
noted that Mr. D. G. Tower ^ ' has described an elaborate 
pumping mechanism existing in the squash bug (Anasa triatia, 
Deg.) by means of which a qharge of saliva is forced down the 
salivary canal which exists in the setae and into the plant 
tissues. 

The effect of poisoning the protoplasm will be to facilitate 
file removal, witn the cell sap, of the dissolved substances, 
notably sugars, which otherwise would not pass the protoplasmic 
membrane. 

Association of Insects with Boll Rots. 


Conclusions approaching those of the present writer were 
reached many years ago in an investigation, which appears to 
liave been started by Mr, J. M. Htedman and continued by 
iMr. C. F. Baker and Mr. F. S. Earle, of a i*otton boll rot in 
Alabama. Unfortunately the original papers are not accessible 
to the writer, and only references in general text-books are 
available 

Stedmaii, in 1894, described a bacterium (Bacillm yosaypinus) 
found in closed bolls, producing a rot which is not apparent from 
the outside. If the rot begins some time before maturity is 
reached the entire boll will rot and not open ; but it may begin 
so late that only a few seeds and a small portion of the lint are 
affected, while the carpels separate and the lint may be exposed 
and gathered. The organism will not induce pathological 
conditions in any other part of the plant than the boll. The 
disease is most severe in wet weather. 


Baker enlarged the list of organisms found in infected bolls 
to include three species of Bacillua, Colletoirichum goasypii^ and 
species of Fuaanum^ Alternaria and Rhinotvichum, of which 
organisms one or more of the bacteria were probably primary. 
He reached the conclusion that* access to the boll contents was 
obtained through the punctures of small leaf-hoppers (Tetti- 
gonitdae of the genus Dtedrocephala): 

More recently (1912) Mr. C. W. Edgerton, ^ writing of 
ootton boll i*ots, refers to three species of bacteria oommon in 
rotting ootton liolls in Louisiana. One, and by far the most 
important, is Bacterium malvacearum^ Smith, which is a true 
pai^te attacking uninjured bolls. (Its effects as such are 
familiar in the West Indies.) The other two develop in injured 
bolls or bolls already afleoted by some other organism. j^Us 
wm artificially inoculated with each of the three, using a fine 
pointed needle. The fimt-mentioned in nearly all oases produced 
the typical water-soaked spots ground the points ei inoculation, 
i^bile m no case did either of the others have tibia eflbot. There 
was but very little dififerenoe apparent in tiie rotiiiig ability of 
tibe tluree oiganisms. All of them seem to be able to rot and 
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discolour the tissue in the punctured locks, while none of them is 
able to pass from one lock to another without an injury. It is 
mentioned also, that bolls that are well advanced do not have the 
interior rotted by any of these bacteria. After the lint fibres 
have begun to harden the bacteria will sometimes stain them 
slightly yellowish at the point of infection, but there is no rot. 

The greater damage done by Bacterium malravearum as 
compared to the other two forms is due to its ability to attack 
the uninjured epidermis of the boll and gain entrance to the 
interior. The other forms are unable to do this, being able to 
gain entrance only through an injury. A sigiiiiicant point is 
that the two unnamed bacteria were found to be very common 
on all parts of the cotton plant. 

The function of bug punctures in ahbrding points of outraiico 
to the bacteria, including B.malvaceavuiu is brieHy mentioned. 

West Indian references to internal boll disease are reviewed 
in their due sequence in the next section. 

II. THE INVESTIGATION OF THE DISEASE IN 
THE WEST INDIES. 

The first report of the affection came from Montserrat. The 
revival of the cotton industry in the West Indies began on 
a commercial scale in the season 1902-3, in whicli period about 
12 acres were under the crop in Montserrat, lu the following 
season this was increased to 700 acres, and in December 190:^, 
affected bolls were received at this OlHce from Mr. Conrad 
Watsoli. In a letter to Sir Daniel Morris, Commissioner of 
Agriculture, dated January 20, 1904, Mr. Watson wrote : — 

On the '2ii(l Decemhci* liMlS J foiwanlcrl to you some specimens of 1 k> 11> 
of cotton which uppeured to rot hefore the bolls opened. 

Since that date the disease has spread, and at present, the whole of tin:; 
windward portion of the i.sland under cotton, about 400 acres, is iniested. 

Cloing through fields and picking fine looking bolls from most promising 
looking trees I only found It) per cent, of good holts. 

At Bethel and Whites Estates from 2tH) acres ol cotton 1 reapefi ahont. 
1,200 tb. of seed-cotton, the fields were cuvuied with holts and 1 e\peetcd 
a very heavy, if late crop, but the bolls are dropping, and those left on llio 
trees seem to be rotten. 

The specimens were examined by Mr. L. Lewton-Brain, then 
Mycologist to the Department, who reported the presence of 
Cercospora blotching and a small amount of antbracnose, but difl 
not suggest these as the cause of the trouble. He recommended 
experiments with Bordeaux mixture. 

Iti March of the same year 8ir Daniel Morris wrote to the 
Commissioner of Montserrat as follows 

With reference to the blocR rot in cotton, now 1 have received rotnriisfof 
the rainfall 1 have little doubt that this is not an organic disease hul the^cj^nlt 
of a humid condition of the soil and utiuosfihero. 

In December 1904, two reports as to the disease in Moidserrat 
were made by Mr, A. J. Jordan, and one by Mr. W. H. Patt>orsou, 
Curators of the Botanic Stations at Montserrat .mid Antigua, 
respectively. Jordan’s first report contains no information on 
the subject ; Patterson’s associates a tnis-shapiiig and hardening 
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of the bolls with the disease, gives evidence of its rapid develop- 
ment, and shows that rotation of crops and manuring have 
apparently no eflPeot upon its incidence. Jordan’S'seoond report, 
mMe in connexion with Patterson’s visit, describes the affected 
bolls as * oval-cuspidate ' in all but oue instance, but records the 
finding of healthy bolls also of this shape. The sprouting of the 
seeds in some of the rotted bolls is mentioned. In January 
1905, Patterson reported the occurrence of the same disease 
in Antigua. 

In February 1905, Lewton-Brain^^ made an investigation 
of the affection in Antigua and Montserrat. He records the 
existence of a distinc^t disease of the bolls, differing entirely from 
anthraciiose and ‘ physiological drying up,* though sometimes 
confused with these. After alluding to the deformation of the bolls 
and their hardness (oharacte^'s which are not particularly evident 
in the material more recently examined), he describes the 
occurrence of discoloured rotting lint in bolls of healthy 
external appearance, ending in a condition in which the 
enlarged partially germinated seeds are separated only by a thin 
film of decayed lint, feuch bolls usually drop about the time 
thev should be opening, and fields were seen winch had lost every 
boll ill tins way. Soinotinics the bolls dry up on the plant and 
open slightly, wlieu they are distinguishable by the appearance 
or the hut. Tlie disease could not be ascribed to climatic con- 
ditions, since it had occurred in very dry and very wet seasons ; 
nor could the condition of the soil be responsible, since it 
occurred on both limestone and clay, on poor and on rich 
land. Ilo was unable to connect the disease with any 

insect attack, or with any of the known diseases of cotton. 

A plant might have one or two bolls affected while the 

remainder continued healthy, and plants which had lost 

every boll might afterwards bear sound bolls in the second cr^. 
No corresponding affection of stems or leaves could he found. He 
re^rted the presence in affected bolls of a rod-shaped bacillus 
wnioh he regarded as the probable primary cause of the disease, 
suggesting the possibility of flower iiifectiou by the agency of 
wind or insects. He outlined a series of field experiments to 
ascertain the stage at which infection takes plaCe, but there is 
no record of these having been carried out. 

From the time of Lew ton- Brain’s report the subject does 
not appear to have been brought to the notice of the Imperial 
Department until 1911. 

A- Bartlett, * Government Bota list of 
Bntisb Qmana, dated January 1907, containa a detailed aocoi’ it 
of an affection of cotton bolls in -that Colony, which is clearly 
idptical with the one under discussion. In addition to bh dir- 
emtion ofits general features, Bartlett reports that when auy 
affected boU was cut open and a little of the yellow lint teaseii 
out and examined, it was found to be infested* by thehyphaoof 
a fungus. This organism produces spindle-shap^ spores in 
large club^haped sporangia, which are home terminally on 
sh^lateral branches or sometimes in the middle of the hyphae. 
Thel^ and the apex of the sporangium are similar inform 
tnd mte, and the latter w uan&lly produced to Conn a short neck 
WrOi a rounded wid. The spores nUeasure 17*20x2 nuorotu^ the 
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sporangia 105-185 x 9-14. This is quite clearly the * Species 
A * of the present author, and it appears probable from 
a reference to spores adhering in groups and bearing flagellae 
(which he mistook for very fine germ tubes) that Bartlett also 
encountered one of the species of Nematospora^ The results of 
his attempts to cultiv’ate the fungus appear to have been 
confused by admixture with secondary species. 

Bartlett notes the close resemblance of his boll rot to the 
Montserrat ‘black boll*, as descilbed by Lewton-Brain, but 
rejects the idea of their identity owing to the ditleronce in the 
invading organism, he having been unable to find bacteria, report- 
ed as constantly present by Lewton-Brain, while never failing to 
find the mycelium and spores of the fungus. 

Bartlett did not suggest any connexion between insects and 
the disease. His report does not seem to have received the 
attention it merited, and was only turned up by accident by the 
present writer at an advanced stage of these investigati(jn8. 

In Marc;h 1911, Mr. W. Hobson, Curator from 1905 of the 
Botanic Station at Montserrat, in the (*ourse of correspondence 
concerning the incidence of bacterial blight due to Bacterium 
malvacearmn in that island, submitted specimens of what appear- 
ed to him to be a distinct boll affection. Mr. F. \V. Sonili, 
Mycologist to this Department, examined these and noticed in 
the majority of the bolls the association of diseolotu'cd lint with 
proliferations of the inside tissues of the walls, bacteria being 
present in some of the more decayed specimens. He regarded 
the existence of the proliferations as suggestive of damage by 
sucking insects. In the same month Robson called attention to 
the occurrence on two estates of largo numbers of internally 
discoloured bolls. In response to a (piery by South he expressed 
the opinion that cotton stainers were not present on tliese fields 
at the time of the observations. The damage might have been 
caused by other insects but he did not recall seeing any to which 
it might be attributed. 

Further reference was made to the affection in the Report 
of the Montserrat Botanic Station for 1911-12, and in the same 
report the cotton stainer was said to be increasing in importance 
as a cotton pest, so that many planters had found it necessary 
to adopt means of control. 

In December 1913, Robson^s attention was again called to 
the subject by th^resence of discoloured lint in the second crop 
of that season. He recorded the occurrence of cotton stainers, 
but regarded the apparent disproportion between their observed 
numbers and the amount of the iniury as telling against the 
suggested connexion. Material collected at this time was 
examined by the present writer, who found the general appear- 
ance of the affected bolls to coincide in all particnlars, except 
that of abnormal shape, with the description given by Lewton- 
Brain. Proliferations, as described by Moirill ami mentioned by 
South, were found to be common in the affected bolls, and it 
seemed clear in some cases that the rot had commenced from 
these. Bacteria, as described by Lewton-Brain, were not present, 
but in all oases hypliae were found growing amongst the lint and 
in the lumina of the fibres. 
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Spores of the fungus afterwards differentiated as Species A 
were present to a greater or lesser extent in all the examples. 

In January 1014, Bobson confirmed the early account of the 
rapidity with which the affection developed by finding discoloured 
boils to be quite general in fields which three weeks before had 
been comparatively free. He noted the occurrence of the trouble 
on plots of hybrid St. Eustatius and on Sakellarides and other 
Egyptian types. Later he added to this list the Montserrat wild 
cotton (a form of the perennial Ooaaypium bnrbadenae). He 
attributes to the effects of the disease the poor germination of 
seed from the second picking which he had noticed for some years. 

Experiment 1. 

Ill May 1914, five experimental plots were started in Mont- 
serrat on lines suggested by the present writer to teat the 
assumption that a definite fungus infection was concerned. 
Plots 1, 2, and 3 of some fifty plants each, were planted in close 
proximity ; two of them with seed from stained bolls, treated 
with corrosive sublimate solution in one and untreated in the 
other ; and one with seed from Barbados, where the affection was 
not known to occur. 

The method of sampling adopted was to examine on each 
occasion one fully or nearly fully developed but Unopened boll 
from each plant. Examples of the affected bolls from each plot 
were forwarded to the writer. The results of the examinations 
are set out in Table A. 

There was no material difference in the results of the three 
plots above- mentioned , The first crop, picked in September and 
October, gave a percentage of affected bolls which varied 
irregularly from 10 to 20 per cent. With the beginning of the 
‘ second picking’ on Novemoer 11, the number had fallen to zero 
on each plot and it remained very low throughout the month. 
In December a rapid and regular rise took place, reaching the 
neighbourhood of 70 per cent, towards the end of the month, 
and maintained in the eighties and nineties in the two January 
pickings which concluded the experiment. 

The fourth plot, remote from the above, was planted with 
Barbados seed on land not recently in cotton. No staining what- 
ever occurred during September, October, and November, but 
from early December onward the plot shared in the rapid rise 
which took place at the same time on the previously described 
plots. 

During the course of these experiments Robson became con* 
vinced that the cotton stainer bug is the cause, or at least 
a necessary agent, of the affection. 

He gave as his reasons for this view : (a) the absence of the 
affection in situations whei*e cotton stainers are not found, (b) the 
high percentage of affected bolls whenever cotton stainers are 
plentiful, (o) the constant association of proliferations on the 
mstae of tlie carpets with the staining, ana (d) the occurrence, 
in bolls in which staining is just commencing, of small water- 
soaked spotsi taken as indicating punctures such as would be 
caused by the setae of the bug. 
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Table A. 


Plot. 


2 

3 

4 

5 

1 

2 

3 

4 

5 

Date. 

m' 

'g 

T3 

T3 

.2 



'S 


'i 

i 

Per cent, diseased. 



w 

s 


Q 

N 

Q 


Q 


Q 





1 

Sept. 

12 

57 

8 

60 

7 

60 

9 

35 

0 

39 

2 


1 

1 


1 


24 

56 

6 


14 



36 


40 

0 

10 

23 

16 

0 

0 

Oct. 

12 

46 

9 

50 

8 

58 

8 

15 


25 

1 

19 

16 

13 

0 

4 


27 

27 

2 

35 

6 

46 

5 

0 


14 


7 

17 

10 

0 

0 

Nov. 

11 

51 

0 

58 

0 

45 

0 

31 


30 


0 

0 

0 

0 

0 


21 

53 

1 

59 

1 

58 

1 


m 

38 


2 

2 

2 

0 

0 

Dec. 

1 


3 

59 

2 

55 

2 

31 

1 


3 

6 

2 

2 

3 

7 


7 

5a 

1 ■ 

m 

55 

4 

56 

2 

28 

,6 

39 

3 

19 

7 

4 

21 

7 


16 

54 

37 

57 

22 

58 

27 

25 

14 

38 

5 

68 

38 

46 

56 

13 


23 

52 

41 

of) 

38 

56 

28 

25 

7 

39 

a 

78 

67 

50 

28 

5 


28 

53 

36 

60 

44 

59 

36 

29 

15 


68 

73 

61 

51 

14 

Jan. 

4 

55 51 

58 

43 

51 

43, 

25 

17 

8513| 

92 

74 

84 

68 

15 


12 

52 

18 

54 

51 

59 

I 

15 

11 


4 

92 

94 

84 

73 

5 


The history of the fifth of the plots aboiY®-i?ientioned is inter- 
esting in this connexion. It was planted witJh Barbados seed on 
land where cotton grown the previous sea(W>n had been heavily 
stained, and the rest of which was now in sugar-cane. During 
September and October staining was recorded in two out of five 
exfi^ininf^tions, namely 5 per cent, on September 12 4 per cent, on 
October/ 12. Whether bugs were present on these occasions 
was not recorded. There was no staining di^ring November. On 
the 2Tth of that month about 100 stainer bugs were artificially 
introduced. Affected bolls occurred at eac^ examination during. 
December and January, varying irregularly from 5 to 15 per cent. 
The bugs did not seem to find the situation congenial and are 
reported to have all disappeared by the en/i of December. The 
significant point is that, while on all th^ other plots, which 
remained infested with the insects, the amount of staining reached 
40 per cent, by the middle of December culminated at the 
last observation in January at 92, 94, and 73, per cent,, 
respectively, the amount on the fifth plot dltd not go above 15 and 
encfed at 5 per cent* 











212 


Exatniuation of the aJBfiaoted bolls from the plots revealed 
that in a small proportion of oases bacteria were dominant, in the 
rest fungus hyphae were abundant in the stained lint. The 
spores seen in the previous vear were not found, whioh may or 
may not have been duo to tLe poor state of preservation of the 
material. The identity of the fungus is thereiore uncertain. 

Expbrimbnt 2. 

When he began to suspect stainers as the cause of the 
affection Robson tried to imitate their action by pricking about 
twenty bolls with a needle. Six days later they were put into 
spirit and forwarded for examination. It was found that in 
most cases the appearance was not different frbm what one would 
expect from a merely mechanical injury to young seeds. A con- 
siderable number of the cells had been killed, and there was 
a stained spot, apparently free from organisms, on the lint around 
the wound. In certain oases, however, lint on the seeds adjacent 
to those actually wounded had become stained, and a rot had set 
in which involved or tended to involve the whole contents of 
a loculiis. In three cases this rot appeared to be purely bacterial, 
in three others it was wholly or in part fungoid. No spores were 
seen in connexion with the latter. 

With a view to definite pttk^ of the dependence of the 
disease on insect punctdres the use of bug-proof cages enclosing 
plants in the field was suggested. In the first instance (Experi- 
ment 3) an attempt was made to keep the field free from stainers. 
This failed, but the results have some significance. In the second, 
(Experiment 4) the conditions were under control and the results 
are definite. The slight infection shown in the second trial may 
have lieen due to green bug. 

Experiment 3. 

December 1914. W. Robson. 

Single plants in the o|>en field, bearing green bolls, enclosed 
in a muslin cage with about 100 stainers, Stainers were present 
in the field. 


DEGREE OF INFEST ATj^ WITH I.B.D. 


1 

First trial 

Second trial. 


Bolk. 

Inf. 

Per 

cent. 

<0 

1 

"S 

hH 

Per 

cent. 

j.\n H«ljacenl pl.iui al iLc lime uf{ 
enclosure ... ' .. 

76 

1 

i 

66 

8 

12 

Bnoipsed plant at end of one week 

8t 

6i 

76 

86 

44 

1 

5t 

An adjacent plant ,, | 

88 

IS 

15 

77 

31 1 

40 
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Expkrimext 4. 

Augiist-?epteml>er 1915, W. UoIksoii. 

Two muslin cages were placed at the same time around 
single plants in the held. Into one cage a large number of 
Stainers were introduced. Stainers appeared to be absent from the 
held, but there were very probably a few green hugs present. 
Two trials. 


DBGRWE OP INFESTATION AT KSl) OP KXPRHIMRNT. 


Cage. 

! 

Hoalthy : 
bolls. : 

1 

Slightly 

affected. 

j 

Severely , 
affected. 

Per 

cent. 

inf. 

1 With Stainers 

20 1 

10 

1 

13 

Without Stainers .. 

29 1 

none i 

none i 

none 

2 With Stainers 

0 

1 

12 1 

81 

Without Stainers .. 

43 

1 I 

I 1 

1 

1 


Duration of Ist trial ten days, of 2nd trial lifteen days. 

The results obtained in similar experiments in 8t. Vincjont 
after the recognition of the affection in that island, may he 
given here for comparison. The trials were carried out b)» Mr. 
S. C. Harland, Assistant Agricultural Superintendent. 

Experiment 5. 

January 1910. S. C, Harlaud. 

Six plants from a plot of Sea Island cotton with 98 per cent, 
diseased bolls liad the bolls removed. Throe plants were placed 
under a muslin cage and three were left iineaged. Three weeks 
later the bolls from each plant were examined. 


CAGED PEAXTS. 


No. of 
plant. 

No. of 
bolls. 

No. of 
diseased 
bolls. 

Per cent., 
diseased. 

Remarks. 

1 

15 

none 

none 

Ojtie Stainer was 

2 

10 

2 

20 

found under the 

3 

13 

none 

none 

1 

cage. 



nvrAfiEn 

PT.ANTH. 


1 

10 

9 

00 I 


2 

14 

12 

1 

80 


O 

9 


88 
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Bxpbbiment 6. 

January 1916. S. C. Harland. 

A Brazilian cotton plant was selected which was growing 
in an isolated position. There were no stainers on the plant and 
an examination ol! fifteen bolls showed that no internal boll 
disease was present. 

Ten of the remaining bolls were enclosed in mtislin bags. In 
five of the bags a pair of stainers were imprisoned. The bolls 
were examined ten aays later. 


BAQGBD BOLLS. 


Bolls with stainers. 

4 showed definite disease. 

1 „ proliferations with! 

doubtful disease, j 

Bolls without stainers. 

All 5 were healthy. 


Bolls from the Montserrat and (later) the 8t. Vincent series 
of experiments were preserved and forwarded for examination. 
The fungus previously mentioned (Species A) was found to be 
generally present, and in addition spores belonging to Species C 
or D were noticed in many of the bolls. 

Unless the effect of staiuer injury depended on infection 
with organisms of limited distribution, it was obvious that the 
same affection should exist in other stainer-infesbed islands. 
Enquiries on this point, made in the early part of 1915, led to its 
recognition in Tortola and amongst the complex of boll, rots 
induced by the wet climate of 8t. Vincent. From the latter 
island a number of full-sized green bolls, of sound appearance, 
were obtained near the end of the crop season. All had stained 
lint in one or moi*e locks, and in every case the discoloration 
appeared to be due to the growth of fungi or bacteria, the former 
being by for the more common. In the greater number of cases 
spores were present, often in large numbers, which were identical 
in appearance with those found in the Montserrat material of 
1913-14 (Species A). In a few of the St. Vincent specimens con- 
taining hyphae these spores were not found, and in others only 
bacteria in great abundance were seen. 

In the Tortola material was seen for the first time in this 
connexion the fungus denoted os Species B, which seems identical 
with Eremothecitm cymbalariae, Borzi, found in fruits of Linaria 
cymhalariae an^ of Cachrys hevi^ia in Europe. The same 
fungus has since been found (1917) in ootton bolls from St. Kitts. 

In August 1915 a note appeai*ed in the Bulletin of the 
Jamaica Department of Agriculture to the effect that the Micro- 
biologist (Mr. S. P. Ashby) had traced a ootton boll rot experienc- 
ed in^, that island to infection through the punctures of cotton 
stainers. Copies of reports dated April and May 1915, forwarded 
later by Mr. Ashby, show that he had then obtained from ix>tted 
lint the fungus referred to in this paper as Sjpecies A and had 
teoogniaed ttm cpimexion ot cotton stainers wiUi the disease. 
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In Jamiary 1916 the writer found bolls showing the disease 
on a self-sown cotton plant of perennial type growing on the 
seashore near Bridgetown, Barbados. In tliese bolls tlie fungus 
Nematoapora sp. (Species D) was invariably and solely present, 
and pure cultures of it were obtained. Cotton staiiiers are absent 
from Barbados, and there is no siudi return of stained (iotton as 
occurs in the case of the other islands. 

On the plant referred to. a few adult/ green bugs {Nezara) 
were present. When these soon afterwards disappeared the new 
bolls ceased to become affected, but the disease reappeared as 
a new brood developed. A period of cessation of growth and 
defoliation, due to nronglit, followed and caused the dispersal 
of the bugs, and abundant new shoots and bolls which appeared 
later were free from bugs and from disease. 

In March 1916 the disease was recognized in St. Kitts in 
a plot of late cotton at the Experiment Station. Specimens were 
received in May of the same j^ear from Antigua and its depen- 
dency Barbuda. In each case the <lamage was associated with 
one or more of the chara(;leristic fungi. 

In the early part of the present year (1917) a parcel of bolls 
received from Montserrat was found to he infested with the 
previously unre(?ognized form denoted Species C, whic^h was also 
found soon afterwards in material from Antigua and Nevis. 
Species B, previously seen only in bolls from Tortola, was found 
in material from St. Kitts. The examination of a large amount 
of material in St. Vincent in November 1916, and of seveial 
parcels received from that island during December and January 
showed Species A and 1) to be very prevalent, but did not reveal 
the presence of Species B or O. 

The following table shows the distribution of the fungus 
forms so far as it is at present ascertained. One or more of these 
species is known to occur in each island, but observations made 
before they were fully defined are d()iibtful except wliere material 
has been preserved. The bolls examined at any one time have 
been obtained from narrowly limited districts, so that the 
evidence has very little negative value, 
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Tablc B, 

DISTBIBOTIOS OF THE ASSOCIATED FPNGI. 


1 

A. 

B. 

c. 

D. 

(a) Jamaica 

X 



X 

Tortola 


X 



St. Kitts 


X 



Nevis ... 



X 


Antigua 

i 


X 


Barbuda 

? 

1 




Montserrat 

1 

X 


X 


♦ 

1 1. Vincent 

X 



X 

Barbados 




X 

(b) British Guiana 

X 

i 



1 9 

1 • 

1 


(a) Afihby (h) Bartlett 


During the course of the investigations outlined above 
occasional examples were met witli in which the infection of 
oittwai|lly souna bolls was purely bacterial. Such cases were 
never very numerous, and were often absent from the bolls 
examined up to the time of my visit to St. Vincent in November 
1918. On this occasion the position found on arrival at the Experi- 
ment Station at Kingstown was that in at least 90 per cent, of the 
large number of bolls examined the infection wiis bacterial ; the 
remainder being due to Species D, A consignment of bolls from 
the district near Georgetown, on the Windward Coast, showed 
infections about evenly divided between bacteria and Species A. 
The two or three weeks immediately preceding had been marked 
by extreme and quite unseasonable wetness. This period was 
succeeded by fine weather, and the proportion of bacterial infec- 
tions rapidly fell to its previous position, where it remained for 
the rest of the season. Bolls collected in the other islands, 
notably Montserrat, about the time referred to also showed more 
bacterial infections than usual. The close association of these 
infections with the wet period suggests a connexion between the 
two. The occurrence indicates a possible explanation of the 
difference between liewton-Brains observations and those of 
Ifortlettand myself. 

Cultures of bacteria have been obtained from liolls frim four 
different islands, and from several separate plants in St. Vincent. 

The colonies obtained on nutrient agar have been either 
(a) distinotly yellow and wrinkled or (b) whitish-buff and smooth, 
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with a rather pearly lustre. Very little further work has been 
done in this direction as yet, owin^ to the end of the season 
having been reached . Tentative efforts to produce angular leaf 
spot or bacterial boll disease by means of the cultures have been 
unsucoessfuh 

Recent Experiments. 

During the visit to St. Vincent already referred to, a number 
of experiments designed to afford further information as to the 
course of the disease and the nature of its connexion with plant 
bugs were instituted by the writer, assistecl by Mr. Harland. 
In most cases the bolls were forwarded to me in Barbados later 
for the purposes of examination. Owing to delays in transit 
some of the material was in poor condition when it was delivered, 
and the numbers cited in the experiments are consequently small 
owing to the elimination of decayed bolls. For this reason the 
results of the individual experiments cannot usually be regarded 
as decisive, but in the experiments as a whole the connexion of 
the disease wdth bug punctures was clearly and directly establish- 
ed, and some points of interest with regard to the affection w^ere 
demonstrated. 


Experiment 7. 

Stainers and green bugs enclosed in cambric hags on green 
bolls of an isolated plant, upon which no hugs were seen, and of 
which several bolls examined were uninfected. 

A. Nezara viridula. 

Boll I. Nov. 50 : two bugs enclosed. 

Nov. *22 : bugs alive and active. At least a <l(wn jnnw'tmes visible 
inside, more outside. No proliferation. J'nnctures ringed outside 
with a collar of hardened gummy exudation ; a slender projection of 
similar material withii\ Jn section a distinct and regular clumuol 
43 microns wide ; wall golden yellow. Some (presumably the fresher) 
punctures show a small gieen water-soaked spot on the inner surface 
of the car|jeh others a small brown dot with a corresponding dot on 
the lint. 

Boll 2. Nov. 20 : two bugs eiudosiMl. 

Deo. 20: Ik) 11 still green. Very heavily pnnclurod all over, with 
considerable proliferation. Several seeds are killed. Tliere is little 
staining. Two brown si»ots of small diameter on the lint are infected 
with Nematospora (D). 

B. Dyaderctia delamieyi. 

Boll 1. Nov, 20 : Stainers enclosed. 

Nov, 22 : Stainers escaped, sound l>oll, unpmicturrd. 

Boll 2. Nov. 20 : stainers enclosed. 

Dec. 20 : heavily punctured on one side, and much proliferated. No 
staining. 

Remarks : Afforded information as to the early appearance 
and effects of punctures ; shows that heavy proliferation of the 
pericarp, and injury to seeds sufficient to cause their death, 
may ensue from severe insect attack without the co operation 
of an infecting organism, and without producing staining in 
well developed bolls. 
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Bxpsbimkkt 8. 

November 2h Green bolls pricked tlirougb to lint in one 
carpel with a fine sterile needle ; remaining carpels left as 
controls Bagged. 

A. Washed with mercuric chloride solution 1/1,000 before 
pricking. 

Boll 1. Xov. e4 : Punctures clean. No staining. 

2. Dec. 15 : Open. No staining. 

3. Doc. 15 : Oi^en. No staining. 

B. Pricked without washing, and ba gg ed. 

Boll 1. Nov. 24 : Punctures visible os slight brown dots inside ; a little light 
yellow staining ; no infection detected. 

2. Nov. 24 : Punctures visible inside. No staining. 

3. Dec. 15 : Open ; lint clean. 

4. Deo. 15 : Open ; lint clean. 

Remarks : Designed to show presence or absence of infecting 
material on surface of boll. Numbers too small to be of much 
value as negative evidence. 

Expebtment 9. 

Infection trials with material from agar cultures of Nemato 
spora (Species D). Made November 22, examined December 15. 

A. Material spread over surface of boll, which was then 
pricked through to tint, and bagged. 

Boll 1* Green, punctures still open externally, internally they show as yellow 
dots on endocarp, with corresponding dots on lint. Otherwise no 
effect. 

B. Bolls pricked, then smeared with fungus and bagged. 

Doll 1. Green, two rowe, of punctures externally visible; internally, two 
corresponding rows of proliferations, some of which are large ; they 
are nearly white, with a few small brown dots on some of them. The 
lint is onlv stained to the extent of correspcnding brown dots, , No 
infection detected. ^ 

2. Dry and omd, but effect can be recognized as being of same type as 
previous boll. 

3. Punctures visible within, jpenetrating endocarp, proliferation absent ; 
very slight staining opposite punctures ; no infection detected. 

C. Bolls inoculated with a needle and bagged. 

Boll 1. Six punctures, of which two have caused proliferation. One of those 
without proliferation has produced a general infection of the lint on 
the corresponding seed, which is stained light yellow and infested 
with the fungua The remaining punctures have produced, only brown 
dots as In B I. 

Remarks : Attempts to produce infection from fungus mate- 
rial applied externally to punoturee in the boll were unsuccessful. 
Infection was produced in one case out ofaxin w:bmbit was 
attempted to introduce the fungus on a needle. 

Expbbimbkt 10. 

Election trials with material from a£»r c^tfiim qf % 
bacterium obtained from internaUy diseased boll. Hiide Novem- 
ber 2^ examined Peeetnber 15, 
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A. Bolls smeared with culture and pricked through. 

Boll 1. Green, sound outside. The punctures are niaiked within by slight 
cracks in the endocarp over small swellings. The lint is heavily 
stained in corresponding patches, which are heavily infested witn 
bacteria. 

2. No infection, no staining. 

3. Punctur^ show through as in (1) above, one is marked by slight 
poliferation. Severe bacterial staining of the lint is located definitely 
under the punctures and spreading across the suture line. Re- 
mainder of boll quite clean. 

B. Bolls pricked and then smeared with culture. 

Boll 1. Green. Punctures faintly visible, inside, one slightly proliferated. 
No infection or staining 

2. Half dry. Each puncture jKiiietratcs the cndocurp, M'hich shows 
a slit in most cases, with a few loose cells projecting. No inlcction ; 
the lint under each puncture shows the usual brown dot. 

3. Green. Situation of punctures marked by slight internal swelling 
but the endocarp is not penetrated. The largest swelling has a brown 
pocket in the line of puncture, filled with bacteria. No staining. 

C. Bolls pricked with a needle dipped in a culture. In 
this series the punctures were made too lightly and did not 
penetrate to the lint. In one case a bacterial pocket as in 
fe 3 was produced in the boll wall. 

Bemarks : Infection was obtained, and the disease repro- 
duced, when the boll was first smeared with bacteria, then 
pricked ; it was not obtained when the order of these operations 
was reversed. So far as the experiment goes the indication 
would seem to be that it is necessary foi* the bacterium to be 
carried through the boll wall into contact with the lint for 
infection to take place. 

Experiment 11. 


It is worthy of note that in Experiment 10 no cases of the 
external bacterial boll disease could be traced to infection with 
the bacterium used. An attempt was made to infect the under- 
lying lint by pricking through the water-soaked spots which 
mark the first stage of the external disease with a fine needle ; 
no infection was obtained. It is however common knowledge 
that when the lesion of bacterial boll disease extend.^ through 
to the lint the latter becomes infested with bacteria and with 
secondary fungi which develop on the diseased spot and is badly 
stained and often rotted. 

Experiment 12. 


Stainers enclosed with bolls washed with mercuric chloride 
solution, and with untreated controls. 

A. Treated bolls. 

Six were examined, of which three were dry. There wore no bug punc- 
tures in the green bolls, and no visible sign ot such in the dry ones. Tlioic was 
no stained lint in any of the Iwlls. 


B. Untreated bolls. 

Boin. Dry ; infested with pure Nenmtospora aiid badly stained. 

2. Dry ; clean. - jV i - 

' 3. Green ; very severely punctured ; Infcstcio -with bacteria, Noinaiospora 

and Eremothecium, and completely stained. 
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4 and 5. Endosed together ; green ; infested with Eremotheoinm in 
smadl local patches clearly traceable to ptinotures. 

6, Green ; four punctures, with a local pstch of Nematospora under each. 

7. Green ; very numerous punctures ; severely infested with Eremothe- 
cium, and one patch of Nematospora. 

Remarks ; No infection occurred in six treated bolls ; of 
seven left untreated 8i.x were severely affected. The treated 
bolls were so far as could be ascertained unpunctured by bugs, 
the controls were more or less heavily punctured. The influence 
which appears to have been exerted by the treatment was thus 
not due to the sterilization of the surface of the boll, but to the 
prevention of stainer attack. Further experiments to confirm 
and elucidate this effect will be carriea out on the first 
opportunity. 


EVIDENCE FROM INDIVIDUAL BOLLS. 

A selection of cases is here given which further, illustrate the 
effects of bug punctures. 

1. A green sound boll. Several dots indicating bug punctures visible 
on the eiidocurp, the 2 »c are •sterile. At another point there is a round 
stained patch 5 mm. in dtametet directly under a puncture. The 
track of the puncture was sharply defined, in a section made parallel 
to its course, as a channel 70 microns wide. The projecting matter at 
its inner end contained Nematospora material, and tne stained patch 
corresponded vith a piue colony of this fungus. 

2. Green boll, with three superficial water -soaked spots. Several bug 
punctures, of which two have small local bacterial intection under them. 
Green sound boll. About twelve bug ])uiictiires visible within as small 
green dots with a yellow projection from the actual puncture. Only 
one of these introduccKi infection, a small colony of Nematosjiora 
being connected with it. 

4, Green sound boll, in otic carpel, two proliferal ions connected with 
punctures, in each of the two remaining carpels, one proliferation. 
A pure local patch of Nematospora is situated under each. The 
{Surrounding lint is jierfectly clean. 

A. Green sound boll, enclosed with two staiiiers kept without food for 
several days. Punctured all over, so thickly that the surface is dry- 
ing up in patches apparently trora this cause. Heavily infested with 
both fungi. 

0. Green l>ol], with a laige proliferation but no infection and no staining. 

7. Green boll with one prolifomted puncture. The Ifnt in contact with 
it is water<8oaked but not infested and not stained. 

8. Voung green bob. One carpel has six punctures in two gp^oups of 
three, one group proliferated, oue not, and a single puncture, not 
proliferated. Tne seeds under the punctures show a red-brown spot 
on their surface, and the lint protoplasm is brown and dead for several 
millimetres about the spots. The lint was carefully examined, and 
showed no infection. 

Experiment 13 . 

. The beaks of freshly oaught ootton Stainers were clipped off 
with sterile scissors ; each into a tube of sterile nutrient agar. 

Fifteen tubes were examhied, in none of which was any of 
the internal boll disease fungi recognized. Ei^hb tubes developed 
both bacterial and fungus colonies in connexmn with the beaks, 
tMee bacteria alone, and three fungi alone. One was sterile/ 

The operation, was carried out by Mh Harland at the 
Ihipertmeut Statiotii St. Vincent, in March, with tubes sufifdi^ 
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by tho writer. The conditions of the experiment were not very 
^tisfactory, as owing to various delays the medium was too dry 
for good development of the organism obtained. 

III. CONCLUSIONS FROM THE EXPERIMENTAL 
EVIDENCE. 

The Direct Effects op Bug Punctures. 

The internal appearance of bolls damaged by plant bugs is 
described by Morrill, with reference to members of the 
Pentatomidae Coreidae and Pyrrhocoridae, as follows : — 

The most cssentin,! factor iti determininpf injury to cotton bolls by those 
plant bugs is the appearance of the inner side of the carpels, w htM*o tiie point 
of entrance of tho insect’s setae is marked by a minute dark spot surrounded 
by a watery or bl’sterliko, bright-green area, contrasting distinctly with the 
light, dull-greenish background. In many cases, particularly in bolls three- 
quarters grown or more, these blisterlike areas increase to a iliameter of 4 or 
5 millimetres, but in other cases, more especially in small rapidly growing 
bolls, a physiological reaction in the form of a proliferation of plant tissue 
takes place. 

The objective {joint of the attack by the insects investigated is the seed, 
which they arc able to reach with little difficulty by means of the threadlike 
organs of their mouthparts, except in large, nearly mature, bolls which are 
protected by the resistance offered by the lint. Except in the largest 
sized bolls, therefore, a blisterlike s{jot ov a nroliferation on tlie inner side of 
the carpel, such as has been described, inaicates an injury to tlio seed or 
discoloration of the lint directly o{)po.sit/ 0 . When tho seed rjf a rapidly 
growing boll is fed upon, a**- first the stimulation, probably {)iirtly mecha»)icnl 
and {jartly due to salivary fluids of the bug, causes an increase in the, flow of 
sap to tlio injured seed, causing a characteristic watery apijeuraiuje. The seed 
afterwai’ds becomes discoloured and proliferous tissue is extruded from it in 
some cases. Tho lint surrounding tho {joint where the iiisoct’s mouthparts 
enter turns yellowish, and if the injury is severe, Anally becoms a dirty browm 
and decays. 

This account applies exactly to the effects of piinctufea hy 
green bug and cotton stainers as observed by the writer. The 
decay mentioned in the last sentence quoted is presumably the 
result of infection. Apart from this the effects described can be 
produced as direct results of insect attack, without complication 
by invading organisms. 

There is a considerable range of variation in the results 
produced in this way. No systematic experimentation has been 
directed to the subject, but the conclusion has been reached that 
only in quite young bolls is any notable staining of the lint 
effected by uncomplicated punctures. Boll No. 8, in the section 
headed ‘ Evidence from individual bolls * atfo^s a typical 
instance of the damage fairly frequently observed in young bolls, 
i.e. a brown spot several millimetres in diameter. Results more 
severe than this have only been observed in the somewhat rare 
cases when one or more seeds have been killed outright at an 
early stage of growth, lii bolls approaching full .size the 
commonly observed effect is that described under Experiment 
7 A, boll J, consisting only in a brown dot on the lint against 
the puncture. This is the case even when large proliferations 
are formed. 

The experiments show that proliferation is a siniple wound 
reapoDS6| not dependent on infection or on any injection by the 



bug, since the proliferated tissue is frequently sterile, and can be 
produced in response to injuries made with a needle. A prolifer- 
ation consists of a mass of thin- walled parenchyma, produced 
by tangential division of a group of cells of the mesocarp. The 
base shows a constriction where it passes the tough endocarp, 
and then the structure spreads out into a spongy mass, with the 
cells on the surface very loosely associated. In Sea Island bolls 
such a mass may remain small or attain to a diameter of about 
1 centimetre ; in perennial cottons the loculus is not infrequently 
nearly filled by proliferated tissue. Large numbers of bug 
punctures remain free of any such development, and in the case 
of needle punctures made in the same boll at the same time some 
have caused proliferation and others not, without any indication 
of the reason for the difference appearing on examination. 

There seems to be nrf relation between the occurrence of 
proliferation and the infection of the boll contents. Proliferated 
and non-proliferated punctures alike may remain sterile or bo 
associated with colonies of the intrusive organisms which give 
rise to internal boll disease. 

The Method of Infection. 

The certainty with which the perforations made in the boll 
wall by bugs can be recognized, and the clear association with 
such perforations of all the localised infections seen in otherwise 
sound bolls, place beyond doubt the connexion between bug 
injury and the internal boll disease. There is no evidence to 
suggest that the disease ever arises under natural conditions in 
any other way. Infections of the lint which take place as 
a result of bacterial or fungus infestations of the boll wall are 
not included by the definition of the disease, and, so far as the 
fungi at least are concerned, are not due to the same invading 
organisms. 

The mauner in ^ which the infecting organisms of internal 
l>oll disease attain to their position within the boll has not yet 
been established. The alternatives which suggest themselves 
are (a) that the infecting organisms exist in some form on the 
surface of the boll, which they are able to enter when an insect 
perforation affords a channel, (b) that the infection is conveyed 
by the bug itself. 

The evidence so far obtained is not decisive. Experiment 2 
afforded a few examples of infection following perforations 
with a needle, but the 'wounds were very much larger than those 
made by bugs ; there is no evidence that the needle was sterile, 
and the organisms could not at that time be recognized. In the 
later experiments simple needle pricks (made with the finest 
steel wire obtainable) aid not lead to infection in the few cases 
' examined, nor was infection obtained when the boll was smeared 
with a culture of Nematospora, or v/hen appropriate bacteria 
were smeared on after pricking. In the case of both organisms 
the infections obtained took place were under conditions * which 
permitted of infected material being carried down by the needle. 

Consideration of the general circumstances greatly favours 
the idea of insect carriage in the case of the fungi, that, of the 



bacteria being more doubtful. The fungi concerned have onW 
been tound in fruits, for existence in whicli they appear to be 
specially adapted. There is no sign of their presence on any 
otlier part ot the plant. Their spores adhere very tenaeioush^ 
in masses, to the lint of infested bolls when they open, so that 
it is impossible to conceive of their carriage by wind from this 
soiiice in such pro Fusion as would be necessary to secure their 
gei^ial distribution. Yet infections take place with great 
readiness when bugs are placed on the bolls of previously 
unattaoked plants, confined in sterilised bags of close- textured 
cambric, (90 x 100 threads per inch). 

The Incidence of Infection. 

Illxainples have been (pioted above whicli show (a) that bolls 
rnay be severely attacked by stainers without infection ensuing, 
(b) that out of many punctures in a boll only one or two may 
lead to infection, (c) tliat in a boll with several punctures each 
one of theni may produce a separate infection. This corresponds 
with certain field experienees of the relation between stainers 
and the disease. In December 1915 stainers wore fairly plentiful 
at the Experiment Station, St. V’^incent, wlien there wes very 
little internal boll disease in evidence. Oii other occasions at the 
same Station when stainers have been kept down to small 
numbers by careful daily collection, the incidence of the disease 
has been severe. 

Dr. H. A. Tempany, Superintendent of Agriculture for the 
Leeward IsUiuds, reporting in May 191(5 on a visit to Barbuda, 
compared the conditions found there with those on two Antigua 
estates visited about the same time In Antigua, althougli cotton 
stainers were fairly prevalent and had been so for soint* time, tin* 
loss was small and usually couKiied to a small portion of the boll 
contents. In Bii-buda the losses were much more serious, 
although stainers had not been present in any consideivible 
numbers at any time during the season. 

Where the disease is prevalent wlien stainers are few tliei'c 
is always the influence of the little-noticed green hug to he 
reckoned with, but the existence of the opposite} condition 
appears to show that the incndencc of the disease depends on the 
availability to the insects of sources of infection. Weather con- 
ditions appear to have no controlling influence on the fungoid 
type of infection. 

Since the conditions existing within the bolls, and the habits 
of the insect, are believed to be stable, the differences found may 
be regarded as due to influences affecting the third factor, the 
infecting organisnjs. S(> far as evidence is available, early 
appearances of stainers do not produce much infection ; reported 
cases of severe damage have always occurred late in the season, 
which suggests that cumulative effects are built up in the cotto i 
crop by transmission of the disease from boll to boll. 

There being usually a period of some weeks or months, in 
Montserrat and St. Vincent particularly, during which cotton 
bolls are not available to the stainers, attempts have been made 
to find the fungi concerned in the fruits of the common 
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alternative food -plants of the insect. Mr. W. N, Sands» Agri- 
cultural Superintendent, Sfc. Vincent, has observed definite 
migrations to and from silk-cotton and mahoe trees, and has 
forwarded fruit from these trees after stainers have infested 
them. Vigorous proliferation, and injury resulting in the death 
of many seeds, have been evident. Except in one doubtful 
instance of a preserved mahoe fruit, where Nematospora was 
detected, but only on a cut surface, the damage has not been 
iound to be associated with intrusive organisms. Sands has 
reported the internal rotting of silk-cotton fruits, but examples 
of this have not been seen by the writer. 

The effects of the campaign of eradication against these two 
trees, decided on by the St. Vincent Government and conducted 
with great energy by Mr. Sands, should afford evidence on the 
point under discussion. Mahoe trees to the number of 11,570, 
and 1,552 silk-cotton trees, with thousands of seedlings in 
addition, were removed between August 1916 and July 1917. 

IV. THE INCIDENCE OF THE DISEASE. 

Although the necessary agents of the disease have been 
shown to be generally distributed, there are very wide and 
striking differences between the cotton-growing islands in the 
extent of the losses experienced, and these differences are rela- 
tively stable. They can be shown to depend principally on the 
relation between : — 

(a) the time of planting, 

(b) the length of the crop period, 

and (c) the time when infestation with stainers takes place. 

There are also subsidiary factors : — 

(d) the prevalence of green bugs, 
and (e) the proportion of punctures infected, 

but the evidence is not in general exact enough to trace the 
effect of these. 

The Relation between Crop Conditions and 
Losses from the Disease. 

Harland “ has followed out in detail the development of the 
1916 cotton crop at the St. Vincent Experiment Station. 
Reference to the curves of flowering and boiling thus obtained 
shows the existence of two distinct periods, produced by the 
flowering of the primary and secondary branches, respectively. 
The first falls almost to zero before the second begins, out there 
is no appreciable interval between them. The course of the 
flowering curves is followed at an interval of fifty to fifty -five days 
by the curves representing the ripening of the bolls, the two 
flowering periods being represented in the two ripening periods, 
known to planters as the first and second pickings. 

Harland notes that the first flowering curve is not ^mmet- 
rioal, beoause of the introduction into its second halt of the 
flowers beginning to be produced from sympodia on the 
secondary branches. The inorease of this factor presumably 
aoooonts for the experience that under conditions wnioh enable 
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the plante te develop rapidly the first pickin^^ may be greatly 
increased at the expense of the second, Hobson gives the 
followiDg ngurea with regard to plots at the Montserrat Station 
and a ^ot grown under very favourable conditions on an estate 
field. The yields are of seed-cotton, calculated to the acre 


Experiment Station 

1914 

First crop, j 
89R 

Second crop. 

776 

Total. 

1,672 

M »♦ 

1915 

1,348 

244 

1 592 

Estate 

1915 

1,508 


1,508 


It will be seen later that this point is of iinporlance in 
connexion with the possibility, in St. Kitts and Montserrat 
especially, of securing a satisfactory return from the hrst picking 
alone and thus escaping serious damxge from internal l)oll 
disease. 

In islands where no close season is enforced a practice lias 
been adopted by some growers of leaving the plants after the 
second picking for the sake of the new growtli, from the base or 
from dormant buds on the axis, which takes place in the Spring. 
For this the term ratoon cotton is often used and may conve- 
niently be adopted. If the field is to be put back into 
cotton the land has of course to be cleared in time to allow of 
preparation for the new crop, but the operations of clearing and 
replanting often come close together. When, as is often the case, 
the land is not wanted until late in the year, for cane planting, 
the old cotton may be allowed to stand for weeks in proximity to 
the new, and the facilities for the transference of pests and 
diseases are perfect. 

The prevailing conditions and practices in the different 
islands, so far as they can be generalised from the information 
available, may now be reviewed. It will bo understood that 
there are many variations due to differences in situation and to 
individual preferences. 

ST. VINCENT. Judging by the experience of the last two 
years, and applying the knowledge now gained to the records of 
previous years, it becomes evident that of all the islands 
St, Vincent has been subject to by far the heaviest and most 
regular losses from the disease under consideration. The 
pnmary reason for this is clear. Whereas in the other islands 
the tendency from year to year has been towards earlier planting, 
working back so far as suitable rains have permitted, from June 
to May, April and even March, in St. Vincent such a course 
is rendered unprofitable by the heavy rains usually experienced 
in August, September, and early October. To escape to some 
extent the heavy losses from shedding experienced in Alay-planted 
cotton during this period, planting has been carried out in 
June and Jufy. The result is illustrated by Harland’s study 
of July-plant^ cotton at the Experiment Station. The second 
picking, which with a first crop usually seriously reduced by 
rainy weather would often be the greateri reaches' its maximum 



226 


towards the end ot December. But the middle of December 
ift about the time in 8t. Vincent when cotton atainers get 
completely out of control. By the end of December, in Harland s 
experiments, it was scarcely possible to find a boll unaffected by 
the internal disease. 

In early January 1916, the writer saw a field of late cotton 
which was in excellent condition and crowded with well -grown 
bolls, but infested with stainers. From the maturing bolls in 
sight it should have given at least 150 lb. of lint to the acre : 
actually, owing to the internal boll disease, the yield of clean 
lint from the 5 acres was 10 lb. 

The result is that, as a consequence of internal boll disease, 
returns in St. Vincent largely depend on a first crop which is 
rendered precarious by the local climate. Jn the osnditions 
imposed by the heavy Autumn rainfall the control of stainers 
is vitally necessary to secure the stability of the St. Vincent 
cotton industry, upon which at present the prosperity of the 
island largely depends. 

ST. KITTS. As affording the stongest contrast to St. Vincent, 
the case of St. Kitts may conveniently be considered next. 
St. Kitts has a well-estabiished sugar industry, and nearly all 
the arable land is occupied by estates as distinguished from small 
holdings. On the estates cotton is generally grown as a catch 
crop between the reaping of sugar-cane in the early months of 
the year and replanting in December or January. 

In the principal (southern) area it is usual to plant with 
the first rains of May, which gives a first crop in September and 
October. The requirements of cane planting prevent the keeping 
of this catch crop cotton for a second picking. The system 
makes the crop dependent bn the weather of a restricted period, 
but in normal years the distribution of the rainfall is favourable, 
and very satisfactory returns are secured. In the northern area 
of the island the rains are heavier, and to escape them it is 
customary to plant even earlier, in March and April. 

There is a relatively small amount of long-term cotton 
grown, which may be kept on indefinitely into the first half of 
the following year. It is to this cotton, in its late stages, that 
Stainer infestation and internal boll disease are practically 
confined. There may possibly be a small amount of tne disease 
in the short-term crop, but none has been detected by general 
methods of observation. 

MONTSBRRAT. Montserrat ' ^ is interesting as affording ex- 
amples of damage fluctuating widely in response to differences 
in tjime of planting, duration of crop, and period of infestation. 
Until recently reliance has been mainly placed on the first 
pic^ng ; the second, coming mainly in January, has been liable, 
as shown in examples already oitM, to very severe losses from 
internal boll disease. The position was like that of St. Vincent, 
with the diffbreuoe that the first picking has usually given much 
bettw returns in Montserrat as a result of the smaller rainfall. 

(Ptiere is now a strong movement towards the seouring of. a 
good part of theaecond pi^ng by planting very early, by keeping 
stainars in check as loi^ as possible by hand coUe^ing^ And in 
acme casts by the destruction of alternative food-plants. Cotton 
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planted in March or April should give the bulk of its second 
picking in November or December. It is in these months that 
Stainers become prevalent, but the bolls escape attack in their 
earlier, more susceptible stages, so i hat the staining is limiU'd 
in amount even in infected locks, and a valuable proportion oi 
locks may be quite clean. 

The feasibility of early planting depends on the occurrence 
of a fall of rain suitable for the optTation, which as a rule is more 
to be depended on in windward than in leeward districts. 

Early planting is not without its drawback, which lies in the 
increased possibility of prolonged dry weather after planting. 
The risk of this appears to be well worth taking in order to 
extend the bearing period in places where internal boll disoas? 
tends to shut down the yield by tlie end of tlie year, as in Mont- 
serrat and Nevis. The climatic conditions of fet. Vincent are 
believed to render the measure impracticable there. 

It is to be noted that unexpected opportunities for early 
planting are often lost owing to unreadiness or indecision. 

NEVIS. The conditions in Nevis seem, so far as they have 
been recorded, to be comparable with tliose in Montserrat, with 
the difference that there is no close season, and old cotton is often 
left standing until June or July, either from neglect or in hopes 
of ratoon growth. 

A law has now been passed according to which an aggrieved 
person may demand the clearing of old Helds likely to serve as 
a source of infection. 

ANTIGUA. Mr. J. Jackson, Curator and Agricultural kSuper- 
intendent, reports that according to present practice the planting 
season extends from May to September. Sometimes the earlier, 
sometimes the later-planted cotton gives the better yield : it 
depends entirely on the weather experienced. 

As a general rule most of the crop is obtained from the first 
pickings, but under certain conditions excellent second pickings 
are obtained ; this is however exceptional. There is as a rule no 
ratooning practised. The main crop is reaped between the 
months of December and March, but the very early cotton comes 
in from about the beginning of October. 

Internal boll disease has not been recognized as rosponsibh^ 
for notable losses in Antigua except in occasional local instances. 
The small proportion of stained cotton in the annual returns (1-Ji 
per cent.) indicates the comparative freedom of the crop as a whole 
from the affection. . This is adequately explained by tlie fact that/ 
Stainers do not usually become prevalent before February. 

THE GRENADINES. The following observations are supplied 
by Mr. Harland ; — 

Bequia (Sea- Island).— Heavy yields were obtained in the 
early years of cotton growing, but recently these have been very 
seriously reduced, a result which is attributed to the increased 
prevalence of stainers and internal boll disease. 

Canouan (Sea Island and Mane Qalante).— The amount of 
stained lint has never been large, but has been reduced to 
a marked extent since the removal of most of the silk* cotton 



treea a few years ago. Stainers appear very late in the season 
and are not abundant. 

Union Island (Sea Island and Marie Galante).-«In the 
Bloody Bay district where there are silk-cotton trees, the losses 
in some years have been considerable. In the rest of the island, 
where silk-cotton trees are few, the losses are small. 

Balliceau and Batawia (Sea Island).— In these small 
islands there are no mahoe or silk-cotton trees. Although 
Stainers are abundant there is said to be no internal boll disease. 
The principal alternative food-plant is the ‘wild ochro ’ (Malachra 
capitata). 

VIBQIK ISLANDS (BRITISH).— Mr. W. C. Fishlock, Curator of 
the Botanic Station, reports that in these islands, of which 
Tortola is the most important, cotton is planted at almost any 
time. The plants are never systematically destroyed, and remain 
until they die out naturally or are grubbed out for replanting 
cotton or some other crop. Cotton stainers do not as a rule 
become troublesome until about February, and the attacks are 
usually sporadic in character. They are as liable to appear on 
young cotton, planted late in the year and bearing the first flush 
at the time mentioned, as on old plants. Outside the period 
February- March -April they are comparatively few in numbers, 
but can usually be found in the vicinity of mahoe trees. 

Internal boll disease is known to occur during the months 
refen*ed to, but its incidence and extent have not yet been 
determined. 

INFLUBNOB OF WiLD PoOD-PLANTS ON THE DISTRIBUTION 
OF Stainers. 

The time of appearance of stainers in significant numbers, 
though subject to occasional variations is, on the whole, fairly 
regular from year to year in each island. The reasons for the 
dinerences wliich exist between one district and another and 
between one island and another, the latter well illustrated in the 
case of St. Kitts and its dependency Nevis, have not been closely 
analysed, but are generally believed to depend on the extent to 
which alternative host plants occur, and their situation relative 
to cotton areas. Proximity to bush land is well recognized as 
leading to earlier and more severe infestations. 

Definite records are few, but there is one example from the 
season 1916^17 in Montserrat which may be quoted. While the 
general average of stained cotton for the island crop worked 
out at 7*7 per cent., the return from the ginnery of a district 
adjacent to bush land and subject to early infestation was 
24 per cent. A considerable part of this increase was believed 
to be due to internal boll disease. 

It is noted in Tortola that the areas first infested are those 
nearest to the seashore, a fact which is believed to be correlated 
with the occurrence of the mahoe tree, which is very common 
on sandy beaches. 

There is strong local opinion that the practioe, particularly 
common in Nevie^ o( leaving the old cotton plants standing in 



the fields to a late period, helps greatly to carry over stainers 
-from one crop to the next. Such fields have been reported as 
swarming with the bugs although there were veiy few bolls 
present, at the time when the new plants were developing. 

Sands^® made observations on the migrations of stainers 
in St. V'incent in 1916. The cotton plants wert‘ mostly destroyed 
by the end of February, and the stainers which were present on 
them in large numbers moved to surrounding vegetation, being 
observed feeding, but not breeding, on various flowers ami fruits. 
According to this observer, the two plants upon whicdi the stainer 
breeds in St. Vincent during the suc(5eeding period, and which are 
common enough to serve to carry over the inse(;t in numbers, 
are the silk- cotton (Eriodendron) and the mahoe or John Bull 
(Thespesia). 

Ill March, when the bolls of the silk-cotton tree began to 
develop, swarms of mature insects in Hight wore seen approach- 
ing the trees, upon which they settled down and soon began to 
breed. Towards the end of April the bolls wore ripe and scattering 
their seeds, on which lesser numbers of the insects continued to 
maintain an existence for some time. 

Where there were no silk-cotton ti’ees the bugs seemed to 
migrate from the cotton-fields direct to the mahoe, which flowers 
freely from February to April, and continues to flower with 
more or less irregularity through the year. From April to 
August thousands of the bugs, mature and immature, were 
observed feeding on the young and old fruits. Cotton planted 
in April close to some of these infested trees was found badly 
attacked by internal boll disease in July. 

Robson^ ^ states the conditions in Montserrat to be as 
follows : — 

Aft^r tlie destruction of the old cotton, which is compiilsr'ry at the omi of 
January, the insects arc able to survive for a time on a larf^e number of both 
wild and cultivated ])lants, but by the time the m^xt- cotton crop is planted, 
about the month of May, they have so far been noticed to exist only on (iertain 
native plants, which include the mahoe, the silk-(!Otlon tree, and a number ot 
shrubby and herbaceous plants belonging to the older Malvaijoao. [According 
to spccimGiis forwarded the hitter consist of species of Sitla]. Towards the eiifl 
of July or August some of the insects evidently migrate from their native 
hosts and find tneir way into the cultivated fields of cotton. 

Evidence of migration is afforded by an experience at the 
Grove Experiment Station, Montserrat. On two small plots 
totalling 0*35 acre, planted in April, stainers were first noticed in 
July. During that month over 7,000, all adults, were colleotod. 
There was no genei^al infestation of cotton in the neighbourhood bui* 
there Was a similar invasion in a field about half a mile away. The 
numbers fell to insignificance in August and the regular infesta- 
tion did not begin until October. Jn the middle of that mouth 
young bugs were first seen, and by the end of it the insects were 
arriving in uncontrollable numbers. The amount of internal 
boll disease resulting from the first attack was small. 

According to Robson, ‘ when the insects are first noted in 
cotton fields, they appear to be congregated on small areas, 'and 
seem first to invade the same section of a field, if cultivated in 
this crop, year after year,’ 
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The conditions reported to exist in the small islands o£ 
fialliceau and Batawia in the Grenadines, already referred to, 
are of great interest, as suggesting a connexion between the 
absence of silk-cotton and mahoe and that of the infecting 
organisms which give rise to internal boll disease. 

We may expect valuable information on the subject of the 
influence of wild food -plants to result from the measures taken 
towards exterminating silk-cotton and mahoe in St. Vincent. 

There are indications of the possibility of placing the cotton- 
growing islands in two definite groups, diflering in the time at 
which Stainers become prevalent. 

In St. Vincent, Montserrat, and Nevis there may be local 
infestations from July on, and by November or December, 
according to year and locality, the insects are usually widely 
distributed and abundant. It has been noted in several instances 
that this final infestation has come on suddenly, which again 
suggests migratory llights. 

In St. Kitts Stainers are reported to appear in numbers only 
in February or March. Reports from Tortola for the past six 
years are to the effect that few are to be seen until February, 
when they may become very prevalent in some localities. The 
Antigua reports indicate that stainers usually appear in 
moderate numbers in February and are abundant only towards 
the end of the season. 

The islands of the first group have all large areas of scrub 
and wooded land, and infestation, as already indicated, is earliest 
in the areas adjacent to it. St. Kitts has areas of mountain 
rain-forest but not much scrub, and the cotton fields are rela- 
tively remote from uncultivated ground. Antigua has a good 
deal of scrub, much of which is of a special type, marked by the 
predominance of Acacia. According to information received^ 
stainers are seldom seen in numbers on inland b\ish in that 
island. In one instance, however, referred to below, lieavy losses 
from internal boll disease were experienced in fields recently 
cleared from high bush, with which they were still surrounded. 
Tortola is reported to have no inland plants, apart from 
silk- cotton trees, upon which stainers have been observed 
to breed. 

It seems reasonable to expect that the effect of the 
destruction, in the islands of the fii'st group, of the wild plants 
ou which the stainers breed out of the cotton season will be to 
delay the period of infestation and produce conditions approx- 
imating to those of the second group. 

It is hardly to be expected that the insects will actually be 
starved out in the TOriod between cotton crops. According to 
Willcocks, ^ ^ the Egyptian staiuer, which has closely siniilar 
habits, is able to hold over in large numbers in a state of 
inactivity from December until May or later, when it is seen in 
abundance feeding on various plants. Extensive breeding does 
not begin until the cotton bolls are developed. 

There is however, another possibility of relief, indicated by 
one or two items of evidence. It is that tne removal of alternative 
hosts may reduce the extent of the infection of stainer pkinotures 
with fungi, to whioh, and hot to the direct damage done by the 
Stainer, we serious losses have been shown to be aue. 
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The Course of Infestation. 

Information as to the presence of the disease in the earlier 
part of the season is available only from Montserrat and 
CJt. Vincent. 

The history of plots 1, 2, and M at the ^fontserrat Experi- 
ment Station, as presented in Table A and in graphic form 
below, is, taken broadly, believed to be typical for the two 
islands mentioned. The reduction in the number of bolls 
examined in late October marked the falling oft' of the first 
picking. There is no evidence to show whether tlie drop in the 
infection curve in November was due to a reduction in the 
numbers of stainers, or to the reduction in the number of bolls on 
the plants in the preceding period. 
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CWse of the (lUuso in May-[ilaiitcd cotton at the AJonlfierrat Expcri- 
ment Station lUU (see Ex[)t. 1). The tigures give the number of bolls 
examined. 
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Plot 4 shows a olosely similar curve in the second picking, 
with no infection in the first. 

The observations made by Harland at the St. Vincent 
Experiment Station in 1916 indicate that cotton stainers and 
internal boll disease were present throughout the season, the 
stainers having come in from silkTOOtcon trees in the neighbour- 
hood. They were regularly collected (much more thoroughly 
than a commercial grower could afpord to do) and no increase 
was noted in their number until the middle of December, when 
they appeared in overwhelming numbers quite suddenly. 

At the time of my visit in November stainers were being 
kept down to small numbers, but were well distributed. Green 
bugs were in the same position. The disease was quite common, 
though not in itself particularly serious in view of the relatively 
high proportion o£ loss, from one cause and another, which is 
allowed for in this crop. Other conditions being favourable, 
a sufiicient number of sound bolls would have been obtained to 
have given a satisfactory return. 

Following the great increase of stainers in December, by the 
end of the month it was scarcely possible to find a boll unaffected 
by the disease. On February 10. 1,000 apparently sound 
green bolls were taken from the manurial plots, and of these 
993 were spoiled by internal boll disease. This was about the 
condition of the 5-acre field already mentioned, seen in the 
previous year. 

It is interesting to speculate on the reason for the sudden 
increase in the number of stainers towards the end of the year. 
It • has been several times observed, in fact, one gets the 
impression from the reports that, in certain localities at least, 
it is the rule. There appear to be no recorded observations 
which throw any light on it, and it is very desirable that they 
should be made. 

Influence on Shedding. 

A point of considerable importance emphasized by the study 
of the St. Vincent manurial plots is the influence of internal boll 
disease on boll-shedding. From the time of the fir^t account by 
Watson already quoted, a greatly increased tendency to boll- 
dropping has rej^atedly been associated with the disease. 
Lewton-Brain^^ remarks ‘most commonly the diseased bolls 
about the time they should be opening dropped off the plants. 
I saw several fields which had lost every boll in this way.’ 
Robson writing in January 1914 of an infested district reports 
that ‘ the half-developed bolls are now dropping rapidly, and only 
a small proportion will reaoh maturity in this neighbourhood.’ 
Tempany, reporting in January 1914 on the cause of an epidemic 
of boll-dropping in one looality in Antigua, states that in certain 
fields where 75 per cent, of the bolls on the plants, though of 
healthy external appearanoe, were found to be blackened internally 
to a greater or lesser extent, the bolls recently fallen were affected 
in the same way. 

Harland ** has reached the conclusion that shedding from 
phyinblogical causes does not usually extend to bolls more than 
wen days old, but finds that either external (bacterial) boll 



disease, or internal boll disease may bring about shedding of 
muoh older bolls. His diagram showing the correlation between 
the diameter of the boll and the cause of shedding may be 
referred to on this point. Bolls to the number of 250 collected 
from the ground on November 16 when large numbers were 
being shed, were classified as follows : affected with internal 
disease 84 per cent., with external disease 53 per cent., healthy 
14 per cent. 


SUMMARY. 

The nature of the affection is outlined in the introduction. 

A review of the entomological literature shows that the idea 
once generally held that plant bugs give rise to staining of cotton 
by means of their excrement and through being crushed in the 
gins has been widely questioned, but that no convincing explana- 
tion has been offerea of the extensive staining often experienced 
in connexion with bug attacks. 

Certain pathologists have suggested that insect punctures 
afibrd means of entrance for boll-rotting bacteria. 

The occurrence in the West Indies of internal boll disease' as 
defined in this paper was noted in the year following the resump- 
tion of cotton- growing in 1902. The affection has since been 
found to be generally distributed in the British islands where 
cotton is grown, from Jamaica through the Lesser Antilles to 
British Guiana. 

Experiments have demonstrated without exception the 
dependence of the disease on the infection of bug punctures. It 
seems most probable that, at least in the case of the fungi 
concerned, the infecting organisms are carried by the bugs 
themselves. 

Under ordinary conditions fungoid infections greatly pre- 
dominate over those due to bacteria, but under circumstances 
which appear to be connected with wet weather the proportion 
of the latter may be largely increased. Weather conditions have 
not been found to affect the occurrence of fungoid infection. 

The results of plant bug attacks on the boll, as seen when 
the punctures have remained uninfected, are (1) the production, 
observed in young bolls only, of dead brown patches of lint, which 
are small and localized ; (2) the occurrence of proliferated tissue 
on the inner surface oC the carpels and on punctured seeds ; (3) the 
death of a certain number of seeds in bolls severely attacked. 
The amount of stained lint produced in this way is negligible. 
The returns of stained lint obtained in these islands are mainly 
due, in varying proportions, to (a) internal boll disease, and (b) 
ordinary bacterial boll disease. The latter only becomes serious 
in wet weather. 

The varying incidence of the disease is shown to depend in 
general on the relation between the time of planting, the length 
of the crop period, and the time when infestation with stainers 
occurs. 



The infestation of the cotton fields with stainers originates 
from waste land on which their wild food*plants existi and 
proximity to such a source leads to earlier and more severe 
invasion. Migratory flights of stainers, with an unknownrange, 
have however been observed. 

The principal food-plants, on which the stainers breed freely 
out of the cotton season, are the silk-cotton tree (Eriodendron) 
and the mahoe (Thespesia) ; they also breed to some extent on 
various Malvaceous herbs or shrubs. They feed, without breed- 
ing, on a large variety of other plants. 

The manner in which the infecting organisms are carried over 
from one cotton season to another is not known. 
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OBSERVATIONS ON THE COTTON STAINER 
IN ST. VINCENT. 

BY W. N. SANDS, F.L.S., 

Agricultural Superintendent, St. Vincent. 

Introduction. 

The cutton stainer bug (Dysdercus delauneyi, Leth.) is the 
most serious insect pest of cultivated cotton in St. Viiicont, not 
on account of the injury done by it in feeding on seed, and 
directly staining lint, but because of its association with certain 
destructive internal boll diseases. When it can be stated that 
these diseases following attacks of the bug occur in all districts, 
and have caused losses of seed-cotton, reaching in some case.s as 
high as 96 per cent, over a large area of well cultivated and 
good bearing cotton land, it will be readily seen that tlie local 
cotton industry is seriously menaced. Much work has been done 
by NowelP in connexion with the local internal boll diseases, 
and other experiments have been recorded by Rarland- and 
Robson,® all of which have proved that in St. Vincent, under cer- 
tain circumstances, attack of the cotton stainer on an unopen- 
ed cotton boll leads to an internal diseased condition. BalloiP 
describes the results of certain observations he made when 
working with D. delauneyi, but he did not work out its life- 
history, and there remained many questions concerning the life- 
history, feeding habits, and food-plants of this insect, on which 
it was desirable to obtain additional information. 

In view of the serious position of the cotton indnscTy out.- 
lined above, and the necessity of undertaking energetic methods 
for the control of the pest, further investigations have been made 
and the results are now given. 
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Fia. 1. 

Cotton Stainer (Dijsdercua dchmneyU Lcth.). Three times natural size. 

Descbiption of Insect. 

Ballon (/oc. cit) quotes the following translation of the des- 
cription given by Lethierry in a paper ‘ Liste des Hemipteres 
recueillis par M. Delauney ’ k la Guadeloupe, la Martinique et 
Sb. Barthelemy,* in Ann, de la. Soc, Entom, de Belgique, 1880, 
XXV.p. 10:-- 

‘ Sauguineoiia ; antennae black (except a white ring at the 
base of fourth segment, and basal part of the fii at which is 
sanguineous), apical segment of the rostrum, posterior 
part of pronotum, all the hemi-elytra including the membrane 
(except fine white border of the cell), and the feet (except basal 
part of the femora), and the basal part of eifich abdominal 
segment black. Length, 10-12 mm. 

* Variations— posterior part 'ot pronotum and hemi-elytra 
fusco rubrous or obscurely red, spotted, membrane - always black 
bordered, with white. Wear D, ruficollis, Linn., but distinct by 
the blaok bands of the ventral segments, and the general colour, 
which varies little.’ 

^ Distribution. 

The species, occurs abundantly throughout the coastal 
district of the Colony, No other species of Dysderous occurs in 
the island. A variety in which the hemi-elytra are red instead 
of black has been noted b^ Harland in 8 1. Vincent and the 
Grenadines, but this form w comparatively rare. The bug is 
also found in other West Indian islands of the chain, its range 
extehdio^ from tfohtserrat to Grenada. 
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Ljfb-History, 

In order to study the life-history, a modification of the 
hurricane lamp-chimney method described by Morrill and by 
Guppy and Thornton ® was adopted. The lamp-chimneys were 
inverted and stood in lids of butter tins, and in the bottom of 
each chimney was placed river sand to a depth of 2 inches. The 
top was covered with gauze which was held in position by 
a rubber band. The food material for adult insects was placed 
on stalks or sticks 3 to 4 inches above the level of the 
sand, and that for nymphs on the sand. (See Fig. 2.) Water 
was given, when necessary, either from above or below. The 
breeding cages thus formed were placed in a large bow* window 
with an eastern aspect, so that the insects had plenty of air and 
sunshine. By means of a watchmaker’s lens the behaviour of the 
insects in the cages could be closely followed. 

Records were made daily between 7 a.m. and 10 p.m. from 
December 1910 to April 15, 1917. On certain days, when the 
writer was absent from headquarters, notes were made by 
members of the staff. 


Eggs. 

The ejggs are smooth, ovoid, creamy white with a pearly 
lustre. They are slightly sticky when first laid, but freely 
separate from eacdi other on drying. Ballou gives their 
measurements as from 12 mm. in length and 078 to 0*81 imn. in 
width. In the laboratory with gravid females well fed on seed- 
cotton, the measiiremonts slightly exceeded those named. 

The changes visible to the unaided eye, noted during 
incubation, are as follows : First three days contents clear. 
Fourth day lumpy and less opaque in part. Fifth day tinged 
with yellow, more particularly at the poles. Sixth day darker 
yellow and colour more diffused. Seventh day deep orange. 

Experiments to Ascertain where Eggs Are Laid. 

Many experiments were made in the lamp chimneys in order 
to ascertain where females lay their eggs. These comprised tests 
with (a) seed -cotton ; (b) old cracked cotton bolls ; (c) freshly 
opened bolls ; (d) unopened cotton bolls ; but no eggs were laid 
anywhere but in the sand at the bottom of the chimneys. The 
results gave a clue to the place and manner of ovipositing in the 
field. It was found, as in the case of eggs laid in the chimneys, 
that eggs are deposited in masses in uie ground, and carefully 
coveredTover, as will be described alter on. 

With eggs laid in pits, and covered wit h |-inch of soil or sand, 
it was difficult to state exact times, but in at least three of the 
experiments, the incubation period was very closely ascertained, 
as the egg-masses were visible through the glass. It is possible 
that the incubation period may be shorter in cases v here 
the eggs are not buriea in the soil in a natural way : at any rate 
eggs kept in a dry condition in glass tubes have taken only seven 
days to hatch. 




Frequent search for eggs on all parts of the cotton plant, 
silk-cotton {Eriodendron anfraciuosum)j, and ‘ John {Theresia 
populnea) trees over a considerable period has been without result. 

In cases where adult females were confined, and could not 
readily obtain access to the soil, eggs have been found in and 
under seed-cotton in a storehouse, and in a room in a dwelling 
house into which the insects had wandered from ‘ John BulT 
trees near-by. As previously mentioned, egg-laying has also 
taken place in muslin bags covering cotton bolls. Under natural 
conditions however, eggs appear to be almost invariably laid in 
the ground. In an old wound near the base of a large * John 
Biiir tree into which sand had been blown by the wind, eggs were 
once found buried in the sand. 

The eggs appear to be nearly always fertile, and in only one 
case in the large number of masses observed was there any 
appi'eoiable number of infertile Bggs. In the case referred to, six 
egm were infertile out of the forty-five. The batch was the sixth 
laid. In other cases one or two eggs only in a mass showed no 
change after several days. 

When eggs are exposed in the breeding cage, laying temalee 
will sometimes suck them even when there is plenty of othex 
foxxl available. 
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It was desirable to obtain information as to whether ants 
exercised any control over the cotton stainor by destroying expos- 
ed eggs. In tests made with a number of common species of field 
ants the following observations were noted : — 

The small red stinging ant (undetermined) frequently 
attempted to carry off the eggs but did not succeed. The crazy 
ant or ‘ Wild Irishman’ (Prenolepis lonyironitH) was strongly 
repelled by the eggs, both newly laid and six days old. The eggs 
were deposited on the ground in places where the ant was running 
about in search of food. On meeting an egg in its tractk it would 
suddenly stop and then run away from it, often backing and 
twisting round as if repulsed by some noxious odour. The 
common small black stinging ant (SolenopHiH (jeniinatft) readily 
carried oflf the eggs, as also did the hunting ‘tac Uw'^iJdoiitomnchm 
hoematodea). 

No egg parasite has been observed. It is possible that one 
will be founci, as in the case of the eggs of allied hemiptera, but 
the successful manner in which the eggs are hidden makes this 
appear doubtful. 

Life-Cycle, 

With careful attention to tlie food and water-supply in the 
lamp-chimneys it was possible to bring the young stainers 
through all stages of development, and over 100 weri‘ so reared. 

The development of another species, D, liotmrdly which 
occurs in Trinidad and Tobago has been very fully described by 
Guppy and Thornton (/oc. and 1). delnunci/i ap[>ears u) 

follow it closely except in colour details which need not be 
described, and certain variations in length of time in the liv(> 
different stages. 

LIFE CY(’LE A. 

Eggs laid January 9. No. of insects, 52. Time in egg stage, 

8 days. 

Hatched Jan. 17 Moulted Jan. 20=^= 3 days. 1st instar. 

Ist moult „ 20 „ „ 25- 5 „ 2nd „ 

2nd „ ,, ^5 ,, ,, do = »> ,, 3rd ,, 

3rd ., „ 30 „ Feb. 0- 7 „ 1th 

4th „ B^eb. (> „ 16-10 „ 5 th „ 

Total of n3unphal stages ... 30 days. 

LIPKCYCLR B. 

Eggs laid B>brijary 25. No. of insects, 94. Time in egg stage 

8^ days. 

Hatched March 6 Moulted March 9«3 days. 1st instai 
let moult „ 9 „ „ 13 — 4 „ 2nd „ 

2nd „ „ 13 „ „ 18-5 „ 3rd „ 

3rd ., „ 18 ,, 25-7 „ 1th „ 

4th „ „ 25 „ April 2-3 = 8-9 „ 5th „ 

Total of nymphal stages ... 27-28 days. 
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In order to complete the story, mature insects of both groups 
were allowed to pair off. In the A group, two pairs were tn coxiu 
on February 20, and the females laid their eggs ou February 25 
and 27, that is ft’om six to seven days after pairing. 

From egg to egg the period was from forty-seven to forty* 
nine days, made up as follows : — 


Date. 

Stages. 

No. of days in each stage. 

P.1.17. 

Eggs laid 

... 

17.1.17. 

„ hatched 

s 

20.1.17. 

1st moult 

3 

25.1.17. 

2nd 

5 

30.1.17. 

3rd „ 

5 

G.2.17. 

4 th „ 

7 

10.2.17. 

5th „ 

10 

1920.2.17 

Paired (1st two) 

1 3-4 

25-27.2.17 

Eggs laid 

i 

1 6 7 

1 


Total 

' 47-49 days. 


In the B group, from egg to egg the period was forty-five 
and a half to forty- eight and a half days as under : — 


Date. 

Stages. 

No. of days in each stage. 

26.2.17. 

Eggs laid 

... 

6.3.17. 

„ hatched 

00 

9.3.17. 

Ist moult 

3 

18.3.17. 

2nd „ 

4 

ia3.l7. 

3rd „ 

5 

26.3.17. 

4th ff ... ... 

7 

2-3.4.17. 

5th ... ... 

8-9 

J.4.17. 

Paired (Ist two) 

34 

18-14.4.17. 

BggS lud 

Totid 

7-8 

46I-48I daya. 
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The figures agree closely with Ballon’s estimate of the life* 
cycle, namely, forty- two to fifty-five days. 

The dates given for the moults are those when the whole of 
the insects finished moulting, but some of the bugs would have 
moulted quite a day earlier than that given. 

Before a moult the gregarious habit is stronglj^ marked, and 
especially so for the later moults. The insects collect together 
for one to two days prior to shedding their skins. No feeding 
takes place before and during a moult, but it is resumed soon 
after. 

Collections of cotton staiiiers not feeding, but preparing to 
feed, and undergoing the last moult form striking objects on bushes 
bordering or close to cotton fields near the end of the crop when 
the cotton stalks are almost bare. Plants which provide shelter 
from the sun and rain are preferred, and it is no uncommon sight 
to see thousands of stainers grouped together on a single bush. 
It is tMs habit that has given rise in part to erroneous ideas 
concerning the feeding habits of the insect. The writer has 
investigate among others, collections on wild guava (Psidium 
Ouava), cacao, banana, plain tain, CycaH cirnnalw, a hedge 
of Euphorbia (Canariensis sp. ?), and a shelter belt of galba 
(Calophyllum Calnha), 

Dark greenish-yellow excrement was not voided until 
maturity was reached. In other stages the excrement was 
colourless or slightly tinged only. This is a point of considerable 
interest, because it shows that nymplis cannot cause damage to 
ripe seed cotton by staining it even if they are present in large 
numbers. It might be stated here that the staining of cotton 
due to adult excrement is almost negligible both in the field and 
in the breeding cage. In the breeding cage the excrement was 
nearly always voided on the glass at the side, and not on the seed- 
cotton on which the insects were fed. 

It was observed that young nymphs did not appear to be 
able to feed on unopened fruits of silk-cotton, ‘John Bull’, or 
cultivated cotton, and an effort was made to test this in the 
laboratory. Although the results may be inconclusive, they seem 
to point to the fact that in the earlier stages the insect cannot 
penetrate and feed through the carpels. 

Fifty-one eggs were placed in a chimney, and these hatched 
on January 22. Unopened Sea Island cotton bolls in different 
stages, as well as leaves were put in. The iosects were seen under 
the bracts on January 25. On the 28th it was noted that they 
were not thriving, ^ and looked starved. By February 5 only 
a few remained auve. and these were constantly moving about 
as if in search of food. On February 11 suspicion was aroused 
that the seven were feeding on the dead insects, and they were 
changed to a fresh jar. By the 16th all were dead. Throughout, 
they had a starved and spidery appearance, and compared with 
insects of the same age fed on seed cotton in another chimney 
they were only about half the size. It will be noted, however, 
that some remained alive for twenty days under what were 
evidently adverse conditions. 

At the Experiment Station, a number of mature insects were 
put tn muslin bags covering unopened cotton bolls on plants in the 
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field. Eggs were laid iu the bags. It was found when the bags 
were opened that all the nymphs whicli had hatched out weae 
lead ; this again seems to add weight to the supposition that in 
the earlier stages cotton stairiers cannot obtain food from 
unopened bolls. 

A further experiment was made with young stainers taken 
at the beginning of the fifth instar, and placed in a breeding cage 
with unopened bolls and leaves. It was found that in this stage 
unopened bolls could be pierced and their contents fed on, but the 
development of the nymphs was retarded, and they did not become 
mature until four to eight days after nymplrs of the same brood 
fed bn seed>cotton bad completed their last instar. 

Conclusions cannot be drawn from this smcdl number of 
experiments, admittedly inoomplete, but should it be proved that 
only n^ature insects or those in the fifth instar can cause a boll 
to l^ecome infected with internal boll disease, then an important 
contribution to our knowledge of the insect and of cotton diseases 
will have been made. 

Expebiments with Adujlts. 

It has been shown in the case of specimens maturing in 
captivity that egg-laying commenced from nine to eleven days 
after maturity. Immediately after a flight of insects from one 
cotton fiekr to another J-niile away, three pairs were collected, 
placed in chimneys, and fed on seed-cotton. Only one pair, how- 
ever, was carried through a full month. It was presumed that 
Uie insects liad recently reached maturity, jtidging from 
observations of similar flights. The eggs of each batch laid in 
this case were not actually counted, but the information is of 
interest. (See Fig. 3.) 

PAIK 3.-~TAKEN fresh PROM FLIGHT, JANUARY 5. 


Date* 

Batch 

number. 

No. of eggs laid. 

Place deposited. 

Interval 

10.1.17. 

1 

60 (estimated) 

In sand 

5 days 

14.1.17 


60-60 

>» 

4 „ 

18.1.17. 


50 60 


4 „ 

23.1.17. 


40-60 

>» 

5 „ 

27.1.17. 

5 

40-60 


4 

1.217. 

6 

46 (actual) 

•1 

5 .. 

10.2.17. 

7 

11 .. 

>« 

9 „ 


The female died on 18. 2. 17. 





A 


H 


C 


FiCl. 2. — Breeding Cages. (A) with seed-cotton, and bugs jnst 
CB) and (C) with ojpen and uiiopeu cotton bolls, showing 
of feeding adult pairs to ascertain where eggs were laid. 


mature. 

method 
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From the above table it will be seen that seven batches of 
eggs were laid during a period of one month, the first six at 
intervals of four to five days only. The total number of eggs 
was estimated at 29H to 33(5, and the egg-laying {wrioii extended 
over one month. 

A further experiment was made, this time with insects 
reared in captivity, and the results of tliis agree in certain 
particulars in rather a striking way. 

VAin B. — BEARED IN CAPTIVITY. 

Hatched 17.1.17. 

Matured 16.2.17. 

Paired 19.2.17. 


Date. 

Batch 

number. 

No of 
Eggs laid. 

Place deposited. 

Interval. 

25.2.17. 

1 

96 

In sand 

6 days (from 

pairing) 

28 2.17. 

2 

52 

» 

’i » 

3.3.17. 

3 

J04 

it 

3 „ 

7.3.17. 

4 

80 

}» 

4 .. 

13.3.17. 

1 

5 

50 

♦» 

6 „ 

20.3.17. 

6 

‘ 58 

)» 

.7 „ 

25.3.17. 

7 

36 

i 

»* 

5 „ 


Female died 17. bcuiff then 08 days old. 

Male died on night of ‘21.3.17, when 0.3 days old. 
Fresh male substituted 2‘2,3,17. 


In this experiment seven batches with 482 eggs were laid 
over a period of one month. 

The highest number of eggs laid at one tiiir^ was 101 ; in 
another experiment it was 106. 

Copulation. ^ 

As is the ease with the conchiiela bug (Pentatcnna lUjaia, Bay.) 
attacking cotton in the United States and Mexico, and described 
by Morrill (Zoc. cit.), the males are polygamous, and the females 
polyandrous. Feeding takes place during copulation, and 
also when the insects are detached. Usually a few hours before 
oviposition takes place the female detaches herself from the male, 
and searches for a suitable situation in which to deposit her eggs* 
After the act a few hours may also elapse before copulation is 
resumed. The free period can be placed at twelve hours altogether. 
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If this be taken as a fair average, and deducted from each 
interval between that given for egg-laj^ing, the total period 
during which the insects were in coitu in the two examples 
given would be 31J and 33J hours, respectively. 

Egg-Laying. 

As mentioned previously, it was found that eggs were laid 
in the ground both in the lamp-chimneys and in the field. In 
the chimneys the operation was witnessed very many times. 
The. female, on detaching herself from the male, starts to 
hunt about until she eventually settles on a suitable place ; this 
was usually a level siu*face, and no particular preference 
appeared to be given to depressions, pits, or cracks. At the place 
selected she starts to dig with her front feet till she eventually 
excavates a small hole about ^-inch deep. As soon as the nest 
is finished she reverses, places herself in the hole, and sits almost 
upright in it. After the eggs are laid she gets out, and immedi- 
ately proceeds to fill in the hole with particles of sand until 
a small but inconspicuous mound is formed over the egg-mass. 
The eggs are laid in a compact mass, and covered by about 
-^•inch of sand ; sometimes a full hour is spent in the covering 
operation alone. (See Fig. 3.) Egg-laying indoors has always 
taken place in the afternoon, evening, or night. In the field it 
no doubt takes place chiefly at night when the insect is less 
likely to be disturbed. Although fields with stainers have been 
closely watched for hours at a time, though not after 7 p.m., the 
operation has not yet been witnessed there. 

EGGS.— -TIME OP DAY DEPOSITED INDOORS. 


9.1.17. — 6-8 p.m. 

10.1.17. -6.30.7.30 pm. 

13.1.17— 3.30 p.m, (started). 

14.1.17. — 3.15 p.m. „ 

18.1.17. -4-7 pm. 

23.1.17 — 8 p.m. (finished). 

27.1.17. -*4.7 p.m. 

1.2.17. — At night. 

10.2.17. — 4 p.m. (started). 


25.2.17. -3-4.15 p.m. 

28.2.17. — 2 p.m. 

3.3.17. -1.30 pm, 

4.3.17—3.45 pm. 

7.3.17. — At night after 11 pm. 
13,3.17—7 p.m. (finished). 

19.3.17. — At night, 

25.3.17. — 2.p.m. (started). 


It will be realized from the description of the careful way 
the eggB are hidden, that unless the real act is witnessed the 
would be difficult to find in the field, and this has proved 
toD^' the case. Only by carefully digging over the ground 
under cotton . plants . have they been found. In the case of 
a fairly large tree like the * John Bull * it is not so difficulty and . 
on searching the sand under infested trees, especially near the 
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bases of the trunks, a large number of egg-masses have been 
discovered. 

The question of destroying the eggs in the field naturally 
arises. Frequent tillage might be thouglit to offer a means of 
dealing with them, as in the operation the eggs would be buried, 
so that the nymphs could not emerge from the soil or they would 
be exposed to predaceous insects. Weighing the case, however, 
from a practical stand-point, the method appears to offer little 
hope of success, as the cultivation of cotton has to be suspended 
at a relatively early period in order to obviate root injury. 

Food-Plants. 

Up to the present the cotton stainer has not been found to 
breed on any other species of plant except those belonging to the 
Natural Order Malvaceae, and the closely allied Natural Order 
Sterculiaceae. In the latter, however, the only representative 
found to he a food-plant is Sterrulia raribaea, the ‘ Mahoe 
eochon’ or ‘ Stave wood ’ tree. 

The malvaceoiis plants other than cotton occurring commonly 
in St. Vincent on which the insect feeds and breeds freely are 
tlie si Ik -cotton {Eriodendron anfvactuomm) and ‘ John Bull' 
or mahoe (Thespema2)0ijulnea), The ochroe (HibiHcns esculentuf^) is 
also attacked, but as the unripe fruit is the part gathered and 
used as a vegetable, the insect cannot make muc^h progress on it. 
A few insects are occasionally found on the open fruits of the 
Down or Cork wood tree (Ochroma lagopuH^ Sw.). The seeds being 
small they provide little food, and, besides, they are greedily sought 
after by mice. The pods, moreover, are carefully collected by people 
in the month of April to obtain floss for stuffing cushions and 
pillows. In the Grenadines, perennial cottons, the silk-cotton 
tree, and the wild ochroe {Malachra capitata) provide suitable 
food for the peat throughout the year. 

It should be recorded here that at the Botanic Gardens the 
fruits of the introduced and uncommon malvaceous trees, Tobago 
bread-nut (Pachira aquatica) a,nd Red Kapok {Bomhax malabari- 
cum)t as might have been expected, were fed on. 

At the extreme northern end of St. Vincent, in the mountains 
at the back of Sandy Bay and Owia, the ‘ Dobarubois’ 
(=» ‘Douve hois’) or Stave wood tree {Sterculia carihaea) is 
found. On this tree the cotton stainer feeds and breeds in the 
period from February to April, as will be described later on. 

In St. Vincent, for a few days when food is scarce, as is the 
case in certain districts after the old cotton stalks are burnt, and 
the above-named trees are not fruiting or near at hand, the 
stainer in order to sustain liics or complete maturity previous to 
flight in search of food, is sometimes found feeding, but not 
breeding, on : — 

Flowers of the mango {Mangifera indica) 

„ „ Eupatorium odoratum 

„ „ Black Sage (Cordia cylindb^ostachyn) 

„ „ Horse Radish tree {Moringa pterygosperma) 

Fruit of Maiden's Blush {Mo'nnordica Charantia) 
Secretions of soale insects. 
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When observed on these Sowers and scale insects, which is 
always in the dry months of Februar^s March and April, the 
Stainer appears to 1^ seeking neotar, or honeydew, and the 
conclusion come to is that these substances provide the pest 
with its only m^ans of obtaining the moisture necessary for its 
existence. 

In St. Vincent all cotton plants, both wild and cultivated, 
are required by law to be pulled up and burnt by April 30 in 
each year. As a rule the cultivated cotton is finished by 
February, and most of the old cotton plants are destroyed by 
the end of this month. Planting of the new crop is started 
in May, provided the rains come in by this time. Although the 
cotton crop produces a large amount of food, and the pest breeds 
extensively on it during the season, and particularly towards the 
end of it, yet the insect could not be carried over on the cotton 
alone from one season to another. Investigations as to the 
manner in which it was able to subsist in the close season were 
made, and it was found that the chief nurse trees were the silk- 
cotton (Eriodendron anfractuomm) and ‘John Bull* or mahoe 
{7heap^ia populnea). 

The following is extracted from an account by the writer^ 
of the relation of these trees to the cotton stainer : — 

* THB 6lLK*COTTON TREE (Enodendron anfractuosiim^ D.C.). 

‘ This large tree was found chiefly in the Leeward District on 
lands near to the coast, but a few trees occur in the Windward 
District. At tHfe beginning of February this tree was almost 
bare of leaves, and only on a few trees w*ere leaves to be seen. No 
Stainers were present. By the end of February most of the trees 
were in full flower, and still no stainers were observed ; but when 
the jjTOung bolls commenced to swell, then the insects anpeared, 
and in a very short time swarms of mature insects in flight, both 
male and female, were seen approaching the trees from all 
directions and settling on the bolls. In many instances the 
bolls were almost covered by them. Just before this happened 
a certain * liveliness ’ was noticed among the stainers on other 
trees and plants, and they very quickly left these for the silk- 
cotton trees. 

* After feeding for some time on the silk* cotton bolls, the 
stainers started mating. Yeung bugs were first seen at the 
beginning of April, ana before any sound bolls were ripe. They 
were seen both on the ground and on the trees, feeding on 
cracked or damaged bolls, and later on seed distributed over the 
ground. They md not appear to be able to feed through the 
^ick wall of the unopened fruit in the same way as the mature 
insects. 

‘ On the ground, they were attracted to or hunted out silk- 
cotton seed over a considerable area. To give an instance, some 
silk-cotton bolls were out up in an office quite 50 yards away 
from a fruil^tift silk-cotton tree which had been recently 
destroyed, add j^eces of the bolls were thrown into a wastepaper- 
basket. Within three days a large number of young stainers, 
less than bi^*gV0wn and unable to fly, found out the pieces and 
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started feeding on them. It was no uncommon sight to see 
scattered about the ground, often long distances from trees, 
bright-red balls made up of young stainers, completely covering 
and feeding on single silk-cotton seeds. 

• It was towards the end of April that the bolls of the trees 
opened, and the seed surrounded by its floss was distributed far 
and wide by the wind. At the end of August there were still 
a number of stainers to be Seen hunting about for the seed, 
oven on the trees themselves where there were old pods, or 
portions of them, so that the insect was able to tide over the 
close season by means of the silk-cotton trees alone, for Sea 
Island cotton was flowering generally in August, and the pest 
quickly found young bolls to feed on and damage. 

‘ A large number of bolls, picked both from attacked and 
unattacked trees, were examined in order to ascertain whether 
there was evidence of internal boll disease. As with cultivated 
cotton there is no external evidence that a boll has been attacked 
by the insect. Internally there are proliferations of the carpels, 
disorganized seed, and stained lint. In certain cases the state 
of seed and lint appeared to indicate the prese^e of a definite 
rot. In specimens forwarded to the Mycologist of the Imperial 
Department of of Agriculture, the fungus causing internal boll 
disease was not discovered. However, it is possible that the silk- 
cotton bolls may subsequently be found to be afiPected by the 
disuse. Besides the damage described, a severe attack or the 
Stainer may cause the silk-cotton tree to shed its bolls before 
full development is obtained. In one case neaidy all the bolls 
on ’ a tree were shed. These when examined were found to be 
completely disorganized internally. 

‘ At the Experiment Station and Clare YasEtey Questelles, 
cotton stainers from fruiting silk-cotton trees viHire found in the 
cotton cultivations in J une searching for food ; fortunately, the 
season was a late one, and the cotton in most cases had not 
reached the flowering stage. However, at tdfce Experiment 
Station, young bolls on May-sown cotton wwe immediately 
attacked and infected with internal boll discssB. At Clare 
Valley and other places the pest found out and fed on cotton 
seed and cotton-seed meal, us^ as manure, whicfa had not been 
carefully covered over with soil. 

* The case against the silk- cotton tree ma}^ be summed up 
as follows : It is a tree which provides, when it fruits, a large 
amount of food for the cotton stainer, and so e^tcdbles the insect 
to feed and breed extensively, and tide over a aeaBoci when it is 
so important that ite numbers should be reduced to a minimum 
for the protection of the annual cotton orop> {danted in May, 
June, and July : therefore, it should be destroy^* 

‘ THE “ .TOHN BULL ” TREE (Thespesia poptdumt^ Corr.). 

‘ This medium-sized evergreen tree is known locally under 
four vernacular names; these are — “John BUD”* “Mahoe”, 
“ Gamboge”, “ Bermuda Cedar”. It wours more ftroquently along 
a part of the Windward District, which starts at fltubbs village 
and extends to Langley Park estate, than in any other part of 
the island. Its numbers are constantly being added to here 
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owing to the fact that the people use the branches as ^live^ posts 
for fences, boundary marKS and wind-breaka In the Leeward 
District, and also in the farther portion of the Windward District, 
the tree has been destroyed to a considerable extent on account 
of its harbouring cotton stainers. It produces flowers on young 
shoots. The chief flowering season ap^ared to be from February 
to April, but flowers were producea on some trees almost con- 
tinuously. Each flower gives rise to a fruit which ripens two 
months later. The ripe, leathery, circular, capsular fruit 
measures to If inches in diameter and f-inoh in depth, and 
contains a number of seeds, which are somewhat larger than 
those of Sea Island cotton. The seed is thinly covered with 
a short downy fuzz. The walls of the young fruit contain 
a yellow resinous liquid, from which the tree obtains the name 
of “Gamboge’*. The fruit never opens to ‘liberate the seed, 
except by the decay of the leathery covering, and persists 
pn the branch for a year or more before it drops off, so that in 
the month of April there may be no less than twenty fruits, old 
and young, on a small branch. By the time the young capsules 
are ripe the shells of those of the previous season commence to 
crack as a result of age, and openings appear usually round- 
about the base of the fruit. The important j^int which it is 
desired to bring out here is that the “John Bull'* tree at all 
times carries a very large number of seed-vessels containing food 
on which the cotton ajbainer can live. 

‘ It was mentioned above that the cotton stainers left the 
fields about the time the cotton stalks were pulled up. In districts 
where there were silk-cotton trees they awaited the boiling of 
the trees, as has been described. In districts where there were 
no silk-cotton trees but “ John Bull” trees, some of the stainers 
very quickly made theit w^ay to these trees, especially if they 
were close at hand. By the middle of April only a few stainers 
were found away from “ John Bull ’* trees, and these were all 
on a few isolated trees of the “Horse Radish” {Moringa 
pterygospenna), ijere they were feeding on the nectar of the 
flowers, but were not breeding, and not a single young bug was 
observ^.. All the evidence collected pointed to the fact that it 
was at the end of February that the insects left the cottpn fields, 
or about the time the cotton stalks were being destroyed. 

* From April to August there were thousands of insects 
both mature and immature to be found feeding on the old and 
yoiitig fruits of the “ Johii Bull ” trees. 'A favourite place for the 
young stainers was the old cracked fruit, and at times a swarm 
of them would emerge from such a fruit when opened. The 
people therefore state that “ the pods breed the stainer bug,” and 
it may be that the mature ini^ts actually lay their eggs in the 
cracks of the old shells, and the young in hatching put fee^ on 
the seed, but eggs so laid liave not yet been found. Whereas no 
insects were seen to be breeding on other plants examined, they 
were breeding very freely oil the “John Bull” tree, and the 
oonolusion arrived at was, that the tree was an even greater 
menace to the Sea Island cotton industry than the silk- cotton 
tree, and that both should be destroyed. 

* Cotton planted in April close to a large number of badly 
infeatad “ John Bull ” trees was badly attacked in Julyt and a high 
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percentage of young bolls were found to be infected with interna 
i^U disease when examined on July 15. 

‘ An examination was made of the fruit of the “ John Bull 
tree atacked by the stainer in order to ascertain whether the 
insect induced a disease. No definite evidence of internal disease 
was found, but there were proliferations of the walls of the fruit 
and damaged seed.* 

THE MAHOE COCHON (StercuUa caribaea, R. Br. et Benn.). 

In no previous account of the native food -plants of the 
cotton Stainer has this tree, known also by the names of Stave 
wood, Dobarubois ( =* Douve bois) tree been mentioned. This was 
no doubt due to the fact that the tree occurred in the mountains 
at the extreme northern end of the island, in a district not 
readily accessible. Towards the end of 1916 the writer was 
informed that the Caribs who resided at Sandy Bay and Owia 
had state<l that at a certain season of the year the fruits of 
a tree they termed * Dobarubois* was fed on by the pest, and 
this they had known for some time. A visit was paid to the 
district iii the early part of January, and the tree was identified. 
At this time tlie tree was fruiting, but the fruits wore not ripe, 
and there were no stainers. It was decided to pay another visit 
as soon as all the cotton stalks, ' John Bull and silk-cotton trees 
had been destroyed, and this was done. In the meantime careful 
enquiries concerning the tree had been made throughout the 
Leeward and the lower Windward district, but without result. 

On May 5, 1917, trees were inspected at Owia and Sandy 
Bay, but at this time all the carpids had opened and drooped to 
the ground. Search was made for the cotton stainer, out only 
a few, and these chiefly nymphs, were found on the ground. The 
Caribs reported that in March and April they had seen a large 
nutuber of insects in the fruits, but since then nearly all had 
disappeared. 

The Soufri^re mountain was crossed next day from cast to 
west, but not a single cotton stainer was observed on any tree or 

E lant. People cultivating land on the slopes of this mountain, 
owever, reported that cotton stainers were observed in March 
and April flying about as if in search of food, and it is possible 
that they were endeavouring to find the Steroulia tree, as suitable 
food was at this time difficult to obtain on any other tree or 
plant anywhere in the coast region. There is no doubt that the 
insect feeds and breeds on the ripe fruits of the tree in the months 
of February, March and April, and it is a fortunate circumstance 
that the fruits mature at this time. 

As mentioned before, the tree has a limited distribution. It 
is a large straight-stemmed species with large ovate oblong 
leaves. The bark is collected and used by the Caribs for tying 
purpose, and in this w^ many trees, pai^ticularly young ones, 
are annually destroyed. The carpids, one to five in number, are 
borne on a long carpophore ; they are semi-elliptical, hard and 
tough ; flattened ; 3 to 5 inches in length and from to 2^ inches 
breadth at the widest part. From one to six large seeds are 
contained in each carpm, and these average four-fifthu by half an 
inch. The inner walls of the oarpid are deftsely line<l with ^tiff 
hairs in which the seeds are embedded. The hairs are very 
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irritating to the 8kin» and the Caribs fear to approach the trees 
when the carpids are opening and the hairs are oeing blown about 
by the wind. 

The cotton stainer feeds on the seed at this time, and does 
not appear to be able to attack it before it is exposed. 

OTHER POOD-PLANTS. Information has been sought in all 
parts of the island regarding possible food*plants other than 
those described above, but nothing further has been obtained. 

Flights. 

In connexion with the silk-cotton, ‘ John Bull ’ and ‘ Stave 
wood ’ trees, mention has been made of flights of the stainer from 
cotton fields to these trees. That peri^ical flights on a con- 
siderable scale from one food-plant to another do take place there 
is no doubt. 

At the experiment station a careful record has been kept 
of the number of cotton stainers collected daily in the cotton 
plots there. 

The following table shows the number of insects collected 
just before and after flights 

PLIGHT 1. 


Date. 

No. of cotton 
stainers 
caught. 

Remarks. 

July 29 

78 

— 

» 31 

628 

Flight observed this morning. Insects 
coming from a westerly direction. 

Aug. 1 

1,255 

— 


Date. 

1 

No. of cotton 
stainers 
caught. 

. Remarks. 

Sept, 

4 

130 



5 

395 

i 

Insects seen arriving in the morning 
from a westerly direction. 

»» 

6 

1,327 

1 

— 
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FLIGHT 3, 


Date. 

No. of cotton 
Stainers 
caught. 

Remarks. 

Dec. J3 

380 

— 

M 14 

400 

Flight observed ; direction uncertain. 

.. 15 

1,421 

— 


The cotton staiiiers in flights 1 and 2 were thought to come 
from a large number of infested ‘John Bull ’ trees at Edinboro, 
about a mile away. Flight 3 was probably a migration fi‘oin 
one cotton field to another, as on the date named, all the ‘John 
Bull* trees in the district had been destroyed. Tlie following 
notes of a flight witnessed at the Botanic Gardens seem to show 
that the insect does fly from one cotton field to another, in search 
of food. 

Towards the end of December 1910, a cotton field at Montrose 
estate, which had almost finished bearing, was found to be 
heavily infested with the pest. Owing to shortage of food 
the insects were preparing to leave. At the Botanic Gardens, 
{i-inile away, there was a small plot of cotton in full bearing. Up 
to January 5 not a single stainer had been found in the plot, but 
in the early morning, between 7 a.m. and 9 a. in., a large number 
of insects was seen in the air flying from the direction of the 
infested cotton field. In a short time, by 10 a.in., the whole plot 
was invaded by thousands of mature insects, and almost every 
boll on the plants was attacked. Inspection of the cotton fiefd 
from which the insects were supposed to come— all fruiting silk- 
cottoii and ‘ John Bull* trees had been destroyed some time 
before this— showed that relatively few insects remained there. 

Control ob Remedial Measures. 

In view of the desirability of eradicating certain of the 
native food-plants, a special Ordinance was passed to enable this 
to be done. A copy of this Ordinance is annexed (Appendix 1). 
The work of destruction was cai’ried out b}^ the Agricultural 
Department at Government expense. Operations were started 
in August 1916, and W the end of April 1917 the work was 
practically completed. During the period 1,542 silk cotton trees, 
11,670 ‘ John Dull ’ trees and several thousand seedlings were 
destroyed, at a total cost of £300. 

The following suggestions for controlling the pest, besides 
those dealing with native food-plants, are made : — 

(a) A close season for cotton from February to May. 

(b> The trapping of the pest by means of cotton seed, seed- 
cotton, or cotton-seed meal Just before the cotton starts 
to flower. 
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(c) The collection of cotton' siaiuers in the field. 

In regard to (a)^it i¥”thoTrght that -if a xslose season for Sea 
Island cotton from February to May is instituted, cotton planted 
in the latter month would not flower before July, and there would 
be little food for the pest from February to July. 

Natural Enemies. 

There are few natural enemies. So far, the chief one observed 
is the ‘ Pipiri ' or ‘ Hawk-beater ’ {Tyranmin roatratua). 
Stomachs of these birds have been examined, and each was found 
to contain a large number of cotton stainers. Other birds which 
prey on the bug to a limited extent are the ‘ Blackbird ’ 
{Cvotophaya rmi), and domestic fowls. A small -mite, externally 
parasitic on the stainer, is frequently seen in the field, but appears 
to be of minor importance : in the breeding cages, however, it 
frequently caused the death of insects. Reference has already 
been made to certain ants which carry away exposed egg^. 
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APPENDIX. 

The Cutton Stainer Ordinance, 1916. 

SAINT VINCENT. 

AN ORDINANCE to make provision for the eradication 
of the Pest known as tlie Cotton Stainer. 

\2r)th Juhj^ 

Be it enacted hy the Governor with the advice and consent 
of the Legislative Council of Saint Vincent as follo .vs 

1. This Ordinance may be cited as ‘The Cotton Stainer 
Ordinance, 1916’, 

2. In this Ordinance, if not inconsistent with the (*ontext, 
the following words and expressions have the meanings herein- 
after respectively assigned to them, that is to say, 

‘Cotton Stainer* means tlie pest known as the Cotton 
Stainer in whatever stage of development it may be ; 

‘Tree’, ‘Shrub’ and ‘Herb’ respectively include the 
fruit or other product of any tree, shrub or herb, and the roots, 
trunks, stems, branches, fruits, leaves or other parts tliereof. or 
any parts severed from any tree, shrub or herb, iiududing 
emptied pods or husks ; 

‘ Occupier ’ means the person in actual occupation of any 
land, or, it there is no such person, tlie expression means the 
person entitled to possession thereof ; 

‘Owner* means tlie person wlio is for the time lieing. 
entitled to receive the rent of any land or who, if the same were 
let to a tenant at a rack rent, would be entitled tc receive sucli 
rent ; 

‘Inspector’ means any Inspector appointed before tlie 
passing of this Ordinance under ‘The Agricultural J’rodmds 
Protection Ordinance, 1906 or an Inspector of Cotton appointed 
by the Governor in Council under section 3 of this Ordinance. 

3. The Governor in Council may appoint some lit and 
proper person or persons to be Inspector or Inspectors for the 
purposes of this Ordinance. Any Inspector or Inspectors 
appointed shall receive such salary or salaries as th<^ Governor in 
Council may determine. 

4. The Agricultural Superintendent, the Assistant Agricul- 
tural Superintendent or any Inspector, may without notice, and 
with or without assistants, at all reasonable times enter upon 
any lands for the purpose of ascertaining whether the cotton 
Stainer is present on any tree, shrub, or herb or on any soil or, 
manure, or for the purpose of searching for any tree, shrub or 
herb upon which the cotton stainor is accustianed to feed, and 
may take all such measures on such land as maybe deemed 
necessary for the eradication of, or for ihe prevention^ of the 
spread of, the cotton stainer in the Colony, including in such 
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measures the total destruction if necessary of any trees, shrubs 
or herbs upon which the cotton stainer is accustomed to feed. 

5. The expenses incurred by the Agricultural Superin* 
tendeiit, the Assistant Agricultural Superintendent or any 
Inspector in taking any such measures as are indicated in 
section 4 of this Ordinance shall be paid from the General 
Revenue of the Colony. 

6. It shall be lawful for the Governor in Council out of 
moneys voted for that purpose by the Legislative Council to 
make grants by way of compensation or partial compensation to 
occupiers and to owners (according to their respective interests) 
ill respect of trees, shrubs or herbs destroyed in order to prevent 
the spread of the cotton stainer into adjoining lands, in cases 
where in the opinion of the Governor in Council substantial 
damage has been occasioned by such destruction. 

7. The Agricultural Superintendent, the Assistant Agricuh 
tnral Superintendent, an Inspector or any other person 
authorized under the provisions of this Ordinance shall not' be 
deemed to be a trespasser by reason of anv entry or destruction 
or action taken or thing done under this Ordinance, or be liable 
for any damage occasioned by carrying out any of.the provisions 
of this OiTlinaiice, unless the same was occasioned maliciously 
and without reasonable cause. 

8. Any person who shall in any manner obstruct or impede 
any person in the execution of any of the powers conferred by 
this Ordinance shall be guilty of an offence against this Ordinance 
and shall for every such offence be liable on summary convection 
to a fine not exceeding twenty pounds, or in default" of payment 
to be imprisoned with or without hard labour for a term not 
exceeding six months. 

Passed the Legislative Council the 2oth day of July, 1916, and 
published in the Government Gazette this 25th day of July, 1916* 


NOTE In connexion with the foregoing paper on the life- 
history and habits of the cotton stainer, a short account of 
certain observations and experiments regarding the trapping of 
this pest, carried out in St, Vincent recently by Mr. Sands, may 
be of interest. 

In spite of last year s campaign against the ailk*cotton tree, 
a few still i*emained growing in situations where, if dealt with 
by cutting down, destruction might have been caused to valuable 
crops. Although these trees were ring* barked, they nevertheless 
fruited, and attracted large numbers of stainers from the 
surrounding districts. Questions arose, therefore, as to how the 
insects could be prevenled from scattering themselves about the 
district, and how they could be trapped and dstroyed. 

At the outset, pods of the silk-cotton tree were placed in heaps, 
and later cotton se^ meal, and then— what answered much better 
—cotton seed was further added. It was noticed that shading 
was necessary to obtain the best resulto. In regard to killing the 
Stainers when collected, it was found that the use of kerosene 
emulsion or boiling water was attended by difficulties and 
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disadvantages. The most satisfactory means of destruction was 
found in the employment of a gasolene torch. The torch used was 
of American manufacture, and made to hold 1 quart of gasolene. 
It had a horizontal burner giving a long, clear, blue, continuous 
jet of flame under the pressure of the included force-pump. The 
torch was easily carried in one hand, and proved most effective, 

E rovided care was exercised that the insects attracted to the 
eaps were not disturbed. After a few minute’s application, 
most of the insects were killed. It may be noted that burning 
does not destroy the effectiveness of the cotton seed as a trap, 
as kerosene oil does. A small amount of moisture to soften the 
cotton seed appears to be necessary to obtain the best results. 


A NOTE ON RESISTANCE TO BLACK SCALE 
IN COTTON. 


BY a C. HARLAND, B.Sc. (LOND.), 


Assistant Agricultural Superintendent, St. Vincent. 
Introduction. 

At the inception of the Sea Island cotton industry in the 
West Indies in 1903 the scale insect Saisi^etia nigra^ Nietn., was 
recognized in several islands as a pest capable of inflicting serious 
damage upon Sea Island cotton. In 1905 several fields of cotton 
in Barbados were a total loss owing to a very severe attack of 
this pest. 

Subsequently it has been shown that the spread of this pest 
can be largely diminished by destroying the old cotton plants, 
and by cutting out wild plants badly infested with black scale 
in the immolate neighbourhood of cotton fields, so that at the 
present time the insect only appears late in the season, and is not 
regarded as a serious pest. 

Resistance to Black Scale in Different Types of Cotton. 

So far as the present writer is aware, it has not been I'ecorded 
previously that certain types of cotton show complete immunity 
to black scale. In the case of the Seredo cottons, introduced 
into St. Vincent in 1914, remarkable differences were found in 
susceptibility. As previously stated, all were immune to leaf- 
blister mite (Eriophyea gossypii, Banks) ; some were very 
susceptible to Saissetia and died as a result of the attack. Two 
types appeared to be quite immune, and for two y^^ars, although 
neighbouring plants became very badly attacked, they liave 
retained that immunity. 

One type has now been grown for three generations, and 
careful examination has failed to disclose the presence of Saissetia 
on any plant. It appears then, that not only do ty|ies of cotton 



exist 'which are immune to the attacks of i^his scale insect, but 
that the immunity is inherited, being certainly genetic. 

Effect of Budding on Resistance to Black Scale. 

The experiment was tried of inserting a Sea Island bud into 
a branch of one of the immune Seredo types. The scion attained 
a height of about 2 feet, and after some months became very 
badly attacked by black scale. Other branches of the stock 
remained quite unaffected. When the immune type was budded 
on to a Sea Island stock it was apparently uninfluenced by the 
stock, and remained quite immune. 

Breeding Experiments. 

Several crosses were made between the immune types and 
Sea Island. The hybrids were quite uniform in morphological 
characters, and in respect of resistance to black scale they were 
nearl3^_ immune, a few scattered specimens of the insect being 
discovered on them late in the season. 

Immunity appears to behave, therefore, as a partial 
dominant. 


MANORIAL EXPERIMENTS WITH ARROW- 
ROOT IN ST. VINCENT. 

BY S. C. HARLAND, B.Sc. (lOND.)., 

Assistant Agricultural Superintendent, St. Vincent. 

, Introducjtion. 

Arrowroot {Maranta arundinacea) is the chief staple crop in 
St. Vincent. Manorial experiments with this crop nave been 
conducted in previous seasons, but the results hitherto have not 
been conclusive. It devolved upon the writer by direction of 
the Agricultural Superintendent to lay out a number of manorial 
plots, the intention being to devote the plots to aiTowroot alone, 
and to apply to each plot its own particular combination of 
manure year after year. 

As the area available for these manorial trials was very 
small, it was resolved to Jiave a large number of small plots, 
rather than a small number of large plots. Forty-eight plots 
Were laid out in all, eaoli ^ >J|f-aore in area, and the experiments 
wergi conducted with two objects in view 

(1) To test the value of mulching with prunings of Madre del 

Cacao {OlirioidiamaciUata). 

(2) To oompare the relative values of various combinations 
. . of organio a^d artificial nuinures .. 
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In the first experiment the number, of plots was twelve ; 
four plots were mulched and eight were left uiimulohed. Each 
mulched plot received an application of 10 lb. of glirioidia 
prunings. The results are presented in Table I. 


Table I. 

SHOWING RESULTS FROM MANURING ARROWROOT Wll’H 
GLIRICTDIA PRUNINGS. 


No. of 
plot. 

Treatment. 


Per cent, increase 
or ‘ decrease over 
average of no-manure 
plots. 

1 

No manure 

6,210 

- 35-7 

2 

No manure 

4244 

- 457 

3 

Mulched , 

13,110 

+ 35-7 

4 

No manure 

8,694 

-10-0 

5 

No manure 

8,004 

-17-2 

6 

Mulched 

15,156 

+ 60-0 

7 

No manure 

11,040 

+ Ho 

8 

No manure 

12.(i96 

+ 31-4 

•J 

Mulched 

16,422 

+ 70 0 

10 

No manure 

13,662 ( 

! +41-4 

11 

No manure 

11,306 

+ 17-1 

12 

Mulched 

17,664 

+ 82-9 


ft), per acre. 

Average yield of iinmaniired plots = 9,565 dr 7*6 per cent. 

Average yield 9 f mulched plots *15,663 dz 3*4 percent. 
Gain by mulching -= 6,098 (or 63*8 per cent.). 

It will be seen that a very large increase in yield n'sults 
from mulching, amounting to 64 per cent. A second point to 
notice is the progressive increase in yield from 1 to 12. 

The soil of plots 1 to 5 is known to be poorer th.o.n that of 
plots 6 to 12, but this lack of uniformity of soil in the diff'erent 
plots does not obscure the effect of mulching. .An increase of 
twice the probable error, i.e. of 16 per cent., would be significant. 

In the second experiment nine different combinations of 
manures were applied to thirty-six plots, each coinbiuatiou being 
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in quadruplicate. In Table II will be found a statement of the 
yield obtained from the different plots, and a summary of the 
different combinations of manure applied. 


Description 
of mammal 
treatment. 


Table II. ^ 


Per cent. 

Yield of rhizomes in &. increase or 

per acre. decrease 

Average, compared 

I I wilh mi- 
series I Series Series! Series manured 

plots. 


1 

No manure. 

11,040 

12,006 

9,108 

2 

Nitrogen. 

30 lb. per acre as 
sulphate of ammonia. 

12,282 

12,696 

8,970 



K Phosphate (40) 
Potash (30) 


Nitrogen (30) 
0 Phosphate (40) 
Potash (30) 


Cotton-seed meal 
300 ft), per acre. 





1 Mulched with 
9 i gliricidia 
I pitintttgs; ^ 


14,904 10,802 16370 15,870 14.387 



















The probable error of the mean of the uamanured plots is 
±407 Ib. per acre, or 38 per cent. 

From the average of the manured plots it is seen that with 
the exception of the nitrogen plot, every plot shows a gain over 
the unmanured plots of more than twice the probable error, and 
this increase is such that it can only be due to the fertilizers 
applied. 

Plot No. 9, to which gliricidia primings were applied, shows 
a gain of 34 per cent, over the unmanured plots. A complete 
manure consisting of sulphate of potash, basic slag, and cotton- 
seed meal produces the next largest increase, namely 19 per cent. 
In regard to the other plots it is perhaps better to take more 
than a single year’s results as a basis for uisciission. 

It is certain, however, that the arrowroot grower will be well 
advised to apply as much coarse organic material to the soil 
as possible. 


A NOTE ON A MODIFIED METHOD FOB 
DETEBMININO CABBONATES IN SOIL. 

BY H. A. TEMPANY, D.Sr. (LOND.), F.I.C., 

Government Chemist and Superintendent of Agriculture 
for the Leeward Islands, 

and 

R. E, KBLSICK, 

Acting Chemical Assistant, St. Kitts. 

In the Appendix to the report on the ‘ Soils of Dominica * by 
Dr. F. Watts, published in 1902 by the Imperial Department of 
Agriculture, a method for determining carbonates in soil is 
described. The note in question was also reproduced in the 
West Indian Bulletin^ Vol. XII, p. 69. This method has been 
employed in the Government Laboratory for the Leeward Islands 
for a number of years past, and has been found to give uniformly 
satisfactory resultai. It however possesses the disadvantage that 
for its successful performance it requires a good deal of skilful 
manipulation and constant watching, while it necessitates the 
employment of a considerable quantity of mei^ury, which is 
expensive and often difficult to obtain in the tropics. 

The following modihcation of this method, originally devised 
in the St. Kitts Laboratory by the junior Writer, has been found 
to give very satisfactory results, and at the samq time to obviate 
some of the difficulties alluded to above. 

The- modification consists essentially in the substitution of 
an ordinary water filter-pump for the mercury pump employed 
in the original form of the apparatus, and in the employment or an 



in quadruplicate. In Table II will be found a statement of the 
yield obtained from the different plots, and a summary of the 
different combinations of manure applied. 


Table II. 


Yield of rhizomes in % 
per acre. 


Per cent, 
increase or 
decrease 
Average, compared 
wiih un- 
manured 
plots. 
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The probable error of the mean of the uiimanured plots is 
±407 fl). per acre, or 38 per cent. 

From the average of the manured plots it is seen that with 
the exception of the nitrogen plot, every plot shows a gain over 
the unmanured plots of more than twice the probable error, and 
this increase is such that it can only be due to the fertilizers 
applied. 

Plot No. 9, to which gliricidia primings were applied, shows 
a gain of 34 per cent, over the unmanured plots. A complete 
manure consisting of sulphate of potash, basic slag, and cotton- 
seed meal produces the next largest increase, namely 19 per cent. 
In regard to the other plots it is perliaps better to take more 
than a single year’s results as a basis for discussion. 

It is certain, however, that the arrowroot grower will be well 
advised to apply as much coarse organic material to the soil 
as possible. 


A NOTE ON A MODIFIED METHOD FOR 
DETERMINING CARBONATES IN SOIL. 

BY H. A. TEMPANY, D.S.. (LOND.), F.I.C., 

Government Chemist and Superintendent of Agriculture 
for the Leeward Islands, 

and 

R. E. KBLSICK, 

Acting Chemical Assistant, St. Kitts. 

In the Appendix to the report on the ‘ Soils of Dominica * by 
Dr. F. Watts, published in 1902 by the Imperial Department of 
Agriculture, a method for determining carbonates in soil is 
described. The note in question was also reproduced in the 
West Indian Bulletin, Vol. XII, p. 69. This method has been 
employed in the Government Laboratory for the Leeward Islands 
for a number of years past, and has been found to give uniformly 
satisfactory results. It however possesses the disadvantage that 
for its successful performance it requires a good deal of skilful 
manipulation ana constant watching, while it necessitates the 
employment of a considerable quantity of mercury, which is 
expensive and often difficult to obtain in the tropics. 

The following modification of this method, originally devised 
in the St. Kitts Laboratory by the junior vi^'riter, has been found 
to give very satisfactory results, and at the same time to obviate 
some of the difficulties alluded to above. 

The modification consists essentially in the substitution of 
an ordinary water filter-pump for the mercury pump employed 
in the original form of the apparatus, and in the employment of an 
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ordinsiry suotion-fiask in place of the special receiver formerly 
used, the evolved carbon dioxide being absorbed direct in barium 
hydrate solution of known strength, instead of hrsb collecting the 
gas and then subsequently absomng it. 

The modified form of the apparatus is shown in the accom- 
panying sketch. 


D 



A is a strong round-bottomed fiask of about 300 c.o. capacity, 
with a long necK, which contains the mixture of soil and aoidi ; 
B is the suct^ion-flask receiver containing the barium hydrate 
solution ; this is joined to the fiask A by means of a bent glass 
connexion provided i^ith a splash trap C ; D and E are tap 
funnels intended to provide for the intr^luction of reagents into 
A and B, respectively ; while F is the side- tube connexion, with 
tap attached, between B and the filter-pump. 

The procedure in making a determination is simple, and 
follo'ivs closely that adopted in the original method. A quantity 
of soil of suitable magnitude (incases of feebly calcareous soils 
25 grains is a convenient amount), is placed in the flask A, and 
to &is 100 c.a erf water is added« The tap F is then opened and 
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the taps D and B are closed ; the filter- pump is started and the 
apparatus evacuated, first having seen that all connexions are 
gas-tight. 

The tap F is then looked off*, and by means of the tap funnel 
E, 25 c.o. of a standard solution of barium liydrate is run into B, 
and washed down with distilled water, taking care that no air is 
admitted with it. 

Ten cubic centimetres of strong hydrochloric acid are then 
run into the Hask A by means of the tap funnel D, observing 
similar precautions in relation to the admission of air. 

The liquid in the flask A is shaken cautiously, and the flask 
is then ^ntly heated until the vacuum is destroyed, and the 
contents begin to boil. 

The pump is then started, the tap F opened, and the source 
of heat removed ; the liquid continues to boil under the reduced 
pressure while the rate of ebullition can be controlled by means 
of the tap F. 

Owing to the strength of the acid solution in flask A, no 
hydrochloric acid can distil over, and the only risk consists in 
splashing ; this can be obviated by careful attention, while the 
long neck of the flask and the splash trap reduce the risk of error 
from this cause to a minimum. 

When the liquid in the flask A has been reduced very nearlv 
to air temperature, the tap F is closed, the tap D is openecl, 
thereby admitting air to the apparatus, and the excess of barium 
hydrate present in the receiver B is titrated with standard acid, 
liie strength of the barium hydrate solution being known, the 
amount of carbonates present in the soil can be calculated from 
the amount of barium hydrate neutralized by the evolved carbon 
dioxide. 

Careful trials of this form of apparatus and comparisons 
with determinations made with the older form due to Watts 
have given closely concordant results, while, in relation to ease 
of manipulation and quickness in performing the determination, 
it presents considerable advantages over the older apparatus. 
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A NOTB OK TBB DBTBRMIKATIOK OF THB 
NON-FATTY SOLIDS IN MILE FROM THB 
SPBOIPIO GRAVITY AT TROPICAL 
TEMPBRATITRBa 

BY H. A. TBMPANY, D.Sc. (LOND.), F.I.C., 

Government Chemist and Superintendent of Agriculture 
for the Leeward Islands. 


To the analyst working under tropical conditions the 
difficulty often presents itself that in calculating the content 
of non-ratty solids from the specific gravity by means of the 
well-known tables of Kichmond and of Sabcock, the temperatures 
at which the determinations have to be conducted are so far 
removed from those for which the tables in question are con- 
structed, that the corrections requiring to be applied are of such 
considerable magnitude as to render uncertain the results 
obtained therefrom. 

It was for many years the practice in the Leeward Islands 
Government Laboratory to cool milks under examination down 
to the region for which these standard tables are constructed, by 
means of ice. 

Such a course while ensuring the relative accuracy of the 
results, possesses certain disadvantages owing partly to increased 
difficulties in the manipulation, and also, at times in the smaller 
West Indian islands, to the uncertainty of the ice supply. 

In consequence, some time ago the attempt was made to 
reconstruct a table for the determination of the non-fatty solids 
in milks on the basis of a standard temperature of 30*C., which 
approximates to the average obtaining m most laboratories in 
the tropics, thereby eliminating the difficulties in question. This 
table has now been in use for some time, and has been found to 

f ive satisfactory results. It is accordingly reproduced in the 
ope that it may be of value to other analysts working under 
similar conditions. 


In constructing this table the specific gravities were 
determined at a temperaturo of 30®C. by means of the Westphal 
balance, and are relative to the standard of water at a tempera- 
ture of iG’C^C.jthis ratio being the same as that adopted in the now 
well-known Douglas’s tables for sugar solutions. (West Indian 
Bulletin, Vol. XIV, p. 190.) 

The table in question gives the non-fatty solid contents 
of milks corresponding to lactometer readings over a range of 
values of from 19 to 32 degrees, and for percentages of fat ranging 
between 1*4 and 6*4. 


As is customary, the lactometer reading is taken as the last 

30'*C 

two figures of the specific gravity ^1—^, water being reckoned 


as l.ooo'^a 


The average temperature correction has been found to be 
equal to *2 on the lactometer reading per degree centigrade above 
or below SO^’C., the correction being deducted when the reading 
is below 30*C., and added when it is above. 
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PBBCENT. NON-FATTT SOLIDS IN MILK. 






2e4 


BIFFEBBKCB TABLK. 


liactometer ^ding. 


Fat. 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

•10 

■0 

•0 

•03 

•05 

•08 


•13 

•15 

•18 


•23 

•25 

■% 

•02 

•05 



•12 1 

•15 

•17 


1.22 1 

i 

•25 

•27 


The following results illustrate the application of this table 
in the case of nineteen samples of milk, and enable a comparison to 
be made between the actual non^fatty solids as ascertained by 
drying in the ordinary way and as found by inspection from the 
table : — 


No. 

Lactometer 
reading at 
30-0. 

Fat. 

Non-fatiy solids 
by drying. 

Non 'fatty solids 
by table. 

1 

24-6 

IQI 

8*3 

8-1 

2 

27-4 

H 

9-0 

88 

3 

26-4 

3-6 

8-6 

8-4 

4 

26-8 


8-9 

8-7 

5 

28-4 


90 

8-8 

6 

30-0 


9-6 

9-1 

7 

28-0 


9-3 

8-9 

8 

21-8 

51 

7-6 

7-6 

9 

24-8 

1 

20 

79 

7-9 

10 

22-3 

3-5 

T7 

7-4 

11 

250 

3-7 

81 

81 

12 

23-3 

4-3 

7-5 

7-8 

13 

274 

41 

8-8 

88 

14 

27-6 

5-5 

8-9 

91 

15 

224 

39 

7-5 

7-5 

16 

231 

5-5 

7-8 

8-0 

17 

26-8 

5-9 

8-9 

94) 

18 

28-5 

6^5 

9^2 

0*6 

18 

an, 

8^7 

.8^ , 




















265 


HURRIOAITBS OF 1916 AND NOTBS ON 
HDRBIOANBS OF 1912-1915.* 

BY KICHARD HANSON WEIGHTMAN. 

(Dated : Weather Bureau, Washington, D.C, February 5, 1917.) 

The]season 'of tropical storms of the year of 1910 in the 
W’est Indies was noteworthy on account of the large number 
of disturbances reported. In fact in only two previous years out 
of the last forty were more storms noted— namely, in 1880 and 
1887. Besides tlie nine more important storms noted in 1910 
there were several minor disturbances which, although locally 
severe, were of such sliort duration that it was not thought 
advisable to eliart them. The season was also remarkable for 
the number of disturbances of intense character within the 
tropics. 

Detailed descriptions of the storms that occurred during the 
hurricane season of 1916 are given in the issues of the Monthly 
Weathei' Review for the respectiv^e mouths, and contain all data 
available at the time the several numbers went to press. Data 
which have come to hand since the issues above-mentioned are 
presented in this paper, and tend to supplement rather than to 
change the information previously published. Deductions pre- 
sentwl regarding origin, track, and intensity that differ from 
those previously given are based on more complete data. There 
follows a list of the hurricanes of the past season arranged in 
chronological order,*with a* few brief remarks accompanying 
them. An attempt is made to give a rough idea of the intensity 
of the disturbances noted by the use of tlie terms slight i tensity, 
moderatej intensity,;; severe intensity, etc., while an estimate of 
their extent is indicated by employing expressions such as slight, 
moderate, large, etc. It must-be realized, however, that reports 
in most cases are widely scattered,, and that estimates, such as 
indicated above, are in a number of cases, therefore, merely 
estimates. The paths of the 1916 hurricanes are shown, grouped 
by months on Chart X (XLIV’-152) of the December issue of the 
monthly Weather Review, 

Remarks concerning the previous history of storms are based 
on a study of Bulletin * X ‘ Hurricanes of the West Indies ’ by 
Oliver L. Fassig. 

Appreciation is hereby noted of a collection of reports from 
a number of the islands of the West Indies, forwarded by Dr. 
Francis Watts, Commissioner of Agriculture, Barbados, British 
West Indies, and also of numerous and valuable reports from 
vessels at sea. 

Notes on Hurricanes op 1916. 

JULY 1-10.— The 'disturbance originated in approximately 
latitude 16\N., lonmtude 84* W. * attained moderate intensity 
after passing through the T ucatan Channel, and reached the Gulf 
coast of the United States immediately west of Mobile, Ala., as a 
severe storm. The lowest barometer at Mobile was 28*92 inches^ 

* Reprinted iTom%Monthly .Weather Review, U. 8. A. Ueixirtinent of 
Agriculture .Weather Bureau. 



and the maximum wind velocity (maintained for five minutes) 
107 miles an hour from the east. Pensacola reported a maximum 
velocity of 104 miles an hour from the south-east. These veloci- 
ties were records for their respective stations. The velociW at 
Pensacola was exceeded in the storm of October 18, 1916, a 
report of which follows. In a way this storm may be said to have 
followed an average course for the month, in that it passed to the 
east Gulf coast after having originated in the western Caribbean 
Sea. 

JULY 11-15.— This disturbance, as far as reports are available, 
seems to have originated immediately east of the Bahamas in 
about latitude 24® 30' N. It moved north-westward to 

the South Carolina coast, passing inland over or near Charleston, 
8.C. The lowest pressure reading at that station was 29*02 
inches, and tlie maximum wind velocity 64 miles an hour from 
the north-east. The U.S.S. ‘ Hector in latitude 31® 45' N., longi- 
tude 78" 53' W., reported a barometer reading (aneroid) of 
28*37 inches, which, upon subsequent comparison of the 
instrument, is thought to be reasonably accurate. This 
disturbance was moderately severe in intensity, and of small 
area. 

This is the first July storm of record that pissed north- 
westward from the region of the Bahamas and struck the South 
Atlantic coast. 

JULY 12-22. — The origin of this storm was in about latitude 
15® N., longitude 61® W. The centre passed north-westward to 
latitude 29 , and thence almost due north, striking the southern 
New England coast with diminished energy. The lowest 
pressure reading, 28*94 inches (aneroid), was reported in latitude 
27* 30' N’, longitude 73® W., by the S.S. ‘ Ausable *, shortly after 
1 a.m. of the 19th, with wind force 11-12. This disturbance was of 
moderate to great intensity, and of moderate to large area. 

There is only one other storm of record in July that 
originated in low latitudes so far to the eastward. That storm 
passed westward, south of the islands of the Greater Antilles, 
while the storm of the present year passed north-westward, north 
of the Antilles. 

AUGUST 12-19. — This storm had ita origin in approximately 
latitude 14® N., longitude 56® 30' W. It passed westward, south 
of the Greater Antilles, and through the Yucatan Channel, later 
striking the Texas coast a little south of Biviera, which is 
situated about 45 miles south-west by south of Corpus Christ!. 
At Kingsville, about 14 miles north of Biviera, the lowest 
pressui'e reported was 28 inches (corrected) on an aneroid 
Darometer, while at Pel Bio, at 8 a.m. (75tb meridian time) on 
the 19tb, a pressure of 28*72 inches was observed. The highest 
wind vdocity at Corpus Christ! was about 90 miles an hour. The 
storm was severe, and moderate to large in extent. 

This disturbance followed an average coarse for the type of 
August hurricanes that pass through the i®ucatan Channel. 

AUGUST 22.— The disturbance passed south of Tortola (Virgin 
Islands) and ikiroes the island of Port^ Bico, on a course a little 
north cl west, the lovrest nressure reported at SanJaan being 
jW*44 inches at 7a.m,, whue the maximum wind velooity was 
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over 90 miles an hour. The origin of this storm is very 
uncertain, and, after crossing the island of Porto Rico, there is 
little if any trace of it to be found. It was of moderate intensity, 
and extremely small area, 

AUGUST 28— SEPTEMBER 1.— The exact origin of this disturb^ 
ance is unknown, but it was undoubtedly some distance to the 
east of the island of Dominica. The first trace obtainable is at 
Roseau, Dominica, over or immediately south of which city it 
passed about 7.30 p.m. of the 28th, with a minimum pressure read- 
ing at that station of 29*12 inches. It moved thence westward, and 
passed immediately north of the island of Jamaica, with greatly 
decreased intensity, to a position to the north-west of Swan 
Island, in which vicinity it lost intensity. It was evidently of 
small diameter and great intensity while passing over Dominica. 

SEPTEMBER 4-5. — This disturbance originated east of the 
northern Bahamas, and moved north-west, passing to the coast 
near and south of Jacksonville, Fla. It was of slight energy 
and extent. 

SEPTEMBER 20-23. — The origin of this storm was near 
iintigua, whence it passed north-westward, as far as can be 
ascertained from a limited number of reports from vessels, and 
recurved to the west of the Bermudas. It was of only moderate 
extent and slight to moderate intensity. 

OCTOBER 4.— -This disturbance had its origin north-east of 
the Bahamas, moved westward, and passed inland over northern 
Florida It was of small extent and energy. 

OCTOBER 7-12. — The origin of this disturbance is somewhat 
difficult to determine. Conditions were very unsettled, however, 
in the neighbourhood of the Windward Islands during the 7th 
and 8th. On the afternoon of the 7th there were some indications 
of a disturbance near and slightly to the west of Marliniqiio. 
On the 8th, Roseau, Dominica, experienced a heavy sea, the 
breakers washing high inland, and causing some damage. On 
the evening of the same date the wind at Basseterre, St. Kitts, 
veered from north-east to south-east, and held in that quarter 
all day. The sea was heavy, and waves came up over the sea 
wall. Reports from Tortola, Virgin Islands, indicate that during 
the morning and early afternoon of the 9th the winds lield, 
south-east, and were light, but about 4 or 5 p.m. they increased 
in force. The wind was at greatest violence about 8 or 9 p.m. 
(100 miles an hour, estimated). After the passage of the storm 
the winds veered to the south and south-west to west^ The 
following readings ot the barometer were taken by Mr. W. C. 
Fishlock, Curator, at Tortola, Virgin Islands 

OCTOBER 9:— 7 p.m. 29*70; 7.30 p.m. 29*40; 8 p.m. 29*10; 

8.30 p.m. 28*90 ; 8.50 p.m. 28 80 ; 9.30 p.m. 28*94 : 9.50 p.m. 29*10 ; 

10.30 p.m. 29*20 ; 11 p.m. 29*30 ; 11*45 p m. 29'30.29*40 (oscillat- 
ing) ; midnight 29*30-29*40 (oscillating). 

OCTOBER 10 : — 12*30 a.m. 29*30-29*40 ; 1 a.m. 29*40 ; 1*10 
a.m. 29*40 ; 3 a.m. 29*68 ; 7 a.m. 29*74. 

Readings made by Mr. Tanggard on the island of St. 
Thomas, and pubUBhed in Lightboumei'a Mail Notee^ October 12, 

1916, follow 
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OCTOBER 9 : — 7*30 a.m. 29*724 ; 1 p.m. .29*666 ; 2,15 p.in. 
29*576 ; 3 p.m. 29*649 ; 5 p.m. 29*439 ; 6 p.m. 29*260 ; 7 p.m. 
28*263 ; 9 p.m. 28*264 ; midnight, 29*261. 

OCTOBER 10 6 a m. 29*637 ; 8 a.m, 29700. 

The lowest reading at St. Croix, as reported in the Barbadoft 
Standard of October 12, was 28*45 inches during the night of the 
910th, At St. Thomas and Tortola the winds veered, while at 
St. Croix they backed.* The disturbance evidently passed 
nearly over ana a little to the south of St. Thomas, on a course 
almost due north-west, and later recurved to the north-eastward 
south of the Bermudas, evidenced by a report of hurricane wind 
encountered bj the bark ‘Bellas’ in latitude 2T 40' N., longitude 
62“ 20' W., and by a report from the ‘Aros Castle* (Br. S.S.) in 
latitude 25“ 18' N., longitude 63“ 13' W. According to this 
report the ‘Aros Castle’ experienced shifting south-westerly winds 
of hurricane force, with a barometer reading of 28*38 inches 
(aneroid) at 4 p.m. of the 11th. From earlier observations by 
the same vessel it is estimated that the aneroid read between 
0*10 and 0 20 inch too low. The storm was of small area and 
of great intensity. 

OCTOBER 12-18. — The origin of this disturbance is somewhat 
doubtful, although the first definite indications place it to the 
south of Jamaica in approximately latitude 16“ N., longitude 
77“ W., oil the 12th. It then moved to the westward, passing 
south of and very close to Swan Island, where barometric 
pressure of 28*94 inches was reported during the 14th, with 
winds of hurricane force. Several reports from vessels enabled 
the storm to be quite closely located on the 16th and 17tli and 
show that the disturbance, after moving a little north of west 
during the 15th, turned sharply to the northward on the 16lh 
and reached the Gulf coast on the 18th, very close to and 
immediately west of Pensacola, Fla., where the barometer 
reading of 28 76 inches was reported. The maximum wind 
velocity, reported as 114 miles an hour, constitutes a record for 
this station. The storm was very intense, and of moderate 
area. 

This storm was quite remarkable for the month, in that it 
held a westerly course in low latitudes for four days, finally 
reaching longitude 87“ or 88“ W., before turning to the north- 
ward. 

NOVEMBER 12-15. — This disturbance originated in approxi- 
) mately latitude 12“ N., longitude 81“ W7, it moved thence 
north-westward, recurving over the south eastern portion of the 
. Gulf of Mexico, and advanced rapidly east-north-eastward over 
extreme southern Florida during the 15th in the trough of 
a disturbance to the northward. This disturbance was evidently 
of marked intensity in lower latitudes, for according to press 
reports, considerable damage was; caused to property along the 
coast of Spanish Honduras and in Yucatan. 


*It Is suggested that possibly two cyclonic centres existed in the neigh- 
bourhood of bt^ Thomas, thus giving rise to abnormalities. — Ed. W.I D, 
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Notes on Hurricanes in 191215. 

Chart X (XLIV-121), in the Monthly Weather lieview for 
September 1916, shows the tracks of tropical storms for the period 
1912*15. A few notes, arranged by months, follow regarding 
these stoi’ins. 

AUGUST 10-17, 1915. — This disturbance originated slightly to 
tlie east of the island of Martiniijue, and passed, on a course 
a little north of west, soutli of the (rroater Antilles, along the 
northern side of the island of Jamaica. Its course then bore 
slightly more to the northward, and, after passing nearly over 
Cape San Antonio, Cuba, it advaiuied north-westward to the 
Texas coast immediately south of Galveston. The lowest pressure 
reading was 28*20 inches at Houston, Tex., up to this time the low- 
est mercurial barometer reading reported in the United States. 
(Record was again broken in the September 1915 storm at Now 
Orleans.) This storm was of hurricane intensity while in the 
Caribbean Sea, before pjissing through the Yucatan Channel, as 
indicated by the destruction of the wireless tower and other 
equipment at Cape San Antonio. The storm was of groat 
magnitude. 

The track of this disturbance was not abnormal for August 
storms that pass through the Yucatan Channel. In this connex- 
ion, it is interesting to note that all previous August storms 
that passed through the Yucatan Channel have advanced 
without recurve to the Texas or Mexican coasts, no storm of this 
character ever having struck the Gulf coast east of Galveston. 

AUGUST 29 —SEPTEMBER 9, 1915. — As nearly as can be 
ascertained, this disturbance had its origin in approximately 
latitude 27^ N. and longitude 27'’ W. It moved first on a course 
slightly north of west, passing to a position north-west of the 
Bermudas, whence it passed southward to the west of the Islands, 
then south-eastward, then westward, and later northward and 
north-eastward. From the evening of the 2nd to the evening 
of the 4th, the pressure at Hamilton ranged between 29*17 and 
29*32 inches. 

The track of this storm was most unusual, its recurve being 
blocked, and the storm forced southward by the high pressure 
to the northward. The storm was moderately severe, and of 
moderate area. 

SEPTEMBER 1-4, 1915. — This disturbance originated in 

approximately latitude 16" N,, longitude 80° W., and after pass- 
ing north-nort h- westward over western Cuba, crossed the Gulf 
coast immediately west of Apalachicola. The lowest pressure 
recorded at the station was 29*32 inches. A pressure of 29*08 
inches, however, was reported by the United St. ales Coast Guard 
cutter ‘ Miami ’ off the west coast of extreme southern Florida on 
the morning of tlie 3rd. The intensity of this storm was 
moderately severe, and its diameter extremely small. 

SEPTEMBER 22-30, 1915, —This storm had its origin to the 
west of the Windward Islands in approximately latitude 14“ 30' 
N., and longitude 63“ W. It moved westward, passing south of 
Jamaica, and thence north-west through the Yucatan Channel, 
crossing the Gulf coast slightly west of New Orleans. The 
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lowest pressure recorded at that station was 2811 inches, which 
is probably the lowest reading of a mercurial barometer ever 
observed in the United States. The report of lowest pressure 
observed at sea was given by the S.S. ^ Almirante in approx* 
imately latitude 15* 50' N., longitude 77® 30' W. The report 
contained information as follows : * Barometer pumping between 
27*50 and 27*60 inches.’ The barometer was an aneroid with 
a correction of plus 0*01 inch. This is the lowest authentic 
reading reported in the West Indies or Caribbean Sea so far as 
known. 

'The hurricane was the most intense in history so far as our 
records show, and was of large area. The track was not usual 
for a storm of this month that passes from the Caribbean Sea 
through the Yucatan Channel. 

OCTOBER 11-17, 1912.— This disturbance originated a short 
distance west of Jamaica in approximately latitude 18® N., longi- 
tude 80® W., and, after passing west-north- west ward through 
the Yucatan Channel, struck the Texas coast at a point about 
equallv distant from Corpus Christi and Brownsville. The 
disturbance was of only moderate intensity, and of small to 
moderate area. 

The course of this disturbance was most unusual when 
compared to other October storms that passed through the 
Yucatan Channel. Only one previous storm of record followed 
a track at all similar to the 1912 storm, namely, that of 1887. 
The storms of 1886, 1887, and 1912 are the only tropical storms 
in the month of October that have struck the Gulf coast west 
of Mobile. 
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HUBBICANB CABLE CODE. 


Tlie following code is used in the West Indies by Agricul- 
tural Officers associated with the Imperial Department of 
Agriculture. The code is arranged so that a single * word ’ of 
live figures shall convey adequate information as follows : — 

The first figure signifies the direction of the wind 

„ second „ „ „ force „ „ 

„ third ,, „ „ height of the barometer 

„ fourth ,, ,, „ condition „ ,, ,, 

,, fifth ,, affords general remarks. 

In the First Ficjure : 

1 signifies N 3 signifies K 5 signifies S 7 signifies W 

2 „ NE 4 „ SE fi „ SW 8 „ NW 

In the Six’OND Figure : 

1 signifies Light air 5 signifies Strong gale 

2 „ Gentle breeze 6 „ Violent gale 

3 „ Fl esh breeze 7 „ Dangerous gale 

4 „ Moderate gale 8 „ Hurricane. 

In the Third Figure : 

1 signifies 30*1 inches 7 signifies 29 7 inches 

0 „ 30*0 inches U ,, 29*6 inches 

9 „ ,29'9incli08 5 29*5 inches 

8 ,, 29*8 inches 4 „ 29*4 inches 

In the Fourth Figure : 

1 signifies Barometer falling rapidly 

2 M n falling slowly 

3 n stationary 

4 „ „ rising slowly 

5 „ „ rising rapidly. 

In the Fifth Figure ; 

1. signifies Weather stormy, but not threatening a hurricane 

2. „ Weather stormy, appears to threaten a hurricane. 

3. „ ’ Serious apprehension is felt here. 

4. „ Storm centre appears to be approaching from the 

South. 

5. „ Storm centre appears to be approaching from the 

South-East. 

6. „ „ „ „ „ „ from the East. 

7. „ Storm centre appears to be passing. 

8. „ Storm centre appears to have passed South of this 

place. 

9* „ Storm centre appears to have passed North of this 

place. 

In the event of there being no observation to offer under 
any of the five heads 0 must be used. Five figures must be used 
in each case. 

Example. A message 26916 would read as follows 

Wind N.E., fott)e violent gale, barometer 29*9 falling 
rapidly, storm centro appears to be approaching j from 
the East. 
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INTERNAL BOLL DISEASE, 

ADDENDUM. 

In the last paragraph on page 223 of this issue the statement 
is made that the fungi of internal boll disease had not been found 
in other fruits. When this was already in print specimens of 
diseased tomatoes and cowpeas, received from the JSt. Vincent 
Experiment Station, were found to be heavily infested, the 
tomatoes with Species A and the cowpeas with Species I). 
In both cases the fruits were externally sound, but bore 
small scars such as would be produced by bug punctures, 
and had internal proliferations. On cutting open an atfected 
tomato one or more sectors were found blackened, the placjental 
tissue and the seeds infested with the fungus, and tlie juice 
charged with very numerous spores. In the case of the cowpeas, 
many seeds still succulent showed a brown dot on the testa with 
a circular fungus infestation on the cotyledon beneath. The 
subsequent growth of the fungus shrivels the cotyledons very 
severely by the time the seed should be ripe. Mr. Harlaud 
reports a total loss of crop on one plot ot cowpeas, which 
according to the specimens sent as representative is due almost 
entirely to this allection. 

W. N. 


COUllICiENDA. 

Page 170, tliG word * Path ’ in Fig. 1 slionld ho centred in space at 
the bottom of the figure instead of llio top. 

Page 183, lino 1 of paragraph 2, for ‘ 12 per cent. ’ read ..0 per cent. 
Page 188, line It from bottom, for ‘modal* read nodal. 

Page 222, line 4 from bottom, delete ‘ were 
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DISEASES OP SUGAR-CANE IN TROPICAL AND 
SUBTROPICAL AMERICA, ESPECIALLY 
THE -WEST INDIES. 


nv 


J. R. Johnston, 


Patholo^t, Central Experiuient Station, Cuba ; 


WITH NOTES HY 
S. K. ASHHV% 

Microbiologist, Department of Agiieultiire, Jamaica ; 

C. K, HANf^ROFT, 

Assistant Director, Department of Science and Agriculliiie, 
Jiritish Guiana ; 

W. NOWELJ., 

Mycologist, finpei’ial I>oj)artnieiit of AgricuHure for tlic West 

Indies ; and 


J. A. STBYENbON, 

Pathologisl, Insular Experiment Station, Vorto Hico. 


INTRODUCTION. 

It has seemed desirable to publish, in lu'icf form, descriptions 
of common cane diseases and tlieir causative fioigi occurring iii 
Tropical and Subtropical America. Such a publication should 
serve as a hand-book for those who are working on this subject 
and Wish, to carry out fui'ther investigations along the same line, 
and as a convenient* b<‘ok of reference for the planters who aie 
interested in the diseases of cane, and who wish to know 
something of the nature of such diseases and im.^ thuds for their 
control. 

The hulk of the data in tlii.s paper was compiled by the 
senior author during his investigations on tlui subject ins 
observations were made dining a four-year s residence in 1 oi to 
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Rico, several years in Cuba, and in studies in Santo Domingo 
and in the Southern Unit^ States, besides various visits to 
many parts of Tropical America. 

It has seemed especially desirable to make the records as 
complete as possible, since many of the fun^i are of importance^ in 
considering plant quarantine regulations in different countries. 
For this reason the co- operation of various pathologists in the 
American Tropics was asked, and the results nave been embodied 
as notes in this paper. 

The paragraphs on the control of cane fungi were 
originally written for a paper on the cane fungi of Porto Rico, 
blit inasmuch as control methods depend to a large extent on 
means which are at the disposal of every planter, and in fact are 
methods that any good planter should use in his general agricul- 
tiirai practice, it has seemed worth while repeating them here. 

Diseases caused by Fungi or Bacteria. 

Baclerium vaavulavum ^ — The Oumining Disease. 

The Iluinid Ciaiigreiie oi* Polvillo. 

Trichof^phaeria Saccha n’. 

(rnotnonia -Stem Rot, or lliau. 

Sphaei clln Sarvhari. 

Eriuaphaeria Stf('chnn \ — Red Leaf >Spot. 

Leptof^ph aeria SatrhnrL 
Thyndaria tarda, 
yectria laurantia na. 
fjstilntjo Sa(vhari\ —Smut. 

UypochuKH —Thread Blight. 

[Odontia Haci'luti ico/a.\ 

1 Odonlia narrhari.] 

Marasttfinfi Sacchart, -iivot Disease. 

Manmaws Htenopliylhai^^Baot Disease. 

Schizophyttiim alneuia. 

Later nea coluiana/a. 

Cytospora SacvJuiri, 

(Coniothyrium metnaponim), = Melanconium Sacchari. 
(iJarlara melaspora), ~ JMelaiiconiuni Sacchari. 

Diplodia cacaoicola, 

CoUetotrivhum falcatiiin , — Red Rot. 

Melanconuan Sacchari , — Kind Fungus. 

Melanconiauf mochartnuin, 

Cephaloaporiwn Sacchari, — W ilt. 

Thielaviopsis parac^oaa,— Pine-apple Disease. 

Ce^xoapora Brown Leaf* Spot, 

CercoaiJ&vfi raginae,— Red Spot of Leaf-sheath. 

Ccrcoapdra Kopkei , — Yellow Leaf-Spot, 

Hclminthosporiiim Sacchari , — Eye Leaf-Spot. 

Scieroiium Red Rot of Leaf-sheath. 

Hi mu' n t ki atetf if era. 

BACTERIUM VASCULARUM, (Cobb) E. F. Sm. 

The gumming disease of sugar-cane due to Bacterium 
vaecUlartim was originally described from New South Wales. It 
w«s thoioiighly studied by Dr. Erwin F, Smith, of Washington, 
aud is believed by him to be the same as the gumming disease of 
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Oftiio at PdmambucOi Brazil. This latter has not been thoroughly 
investigated, but a careful description of it, appearing in The 
Sugar Cane for 1894, answers so closely to the real guinmiiJg 
disease that little doubt remains as to their identity. 

At one time this disease was so serious as to threaten the 
sugar industry in the province cf Pernambuco. It attacked the 
Otaheite canes which w^ero most coininonly grown, and also the 
Imperial, a green striped cane, and the Creole, a small yellow 
cane. 

The formation of a bright yell()\\' giiimny substance exuding 
from the ends of the libros on cutting across the cane was 
characteristic. Affected cane showed an early drying up of the 
leaf tips ; the successive joints becanio smaller and smaller. Af- 
fected cane failed to ratoon. Juice of these canes was difiBcult to 
work up in the mill. 

Dr. Smith says * the most conspicuous signs of the 
gumming disease are dwai-iing, etiolation, stri})es on the leaves, 
reduction of sugar content, decay of tlic terminal bud, and the 
appearance in the libro vascular bundles ot a yellow slime and red 
stain. In early stages of the disease t his slimi‘ is im*onspicuoiis, 
but in later stages it is om‘ of the most striking features of the 
disease, and frequently gives trouble in tJie sugar factories. 

It lias been deliiiitely proven that the gumming disease of 
New South Wales is due to a bacterial organism, and presumably 
this Pernambuco disease lias the same origin. The description 
of the organism is as follows : — 

UACTEiue.M V \ 8 euLAitUM, ((,N)bh) K. K. Smith, 

Parasitic on sugar-cano, cloggni .14 the \ascular handles with ft 
bright yellow' slime anti forming cavities in the soft j)arench 3 ma ; 
frequently comes to tlio surface of the miior Icaf-sheatlis as a 
viscid slime. Surface colonies on 1 15 staudciid nutrient agar pale- 
yellow, binooth, glistening, latlior small, round, rather Hat with 
sharp margins ; lods shoit, mc-tsuring lai an average U'4 • 1 

microns w hen stained ; motile, single p olar llagellum ; occasit nal 
very slight luiuefactiuii of gelitine ; girwth on potatt* cylindeiH 
good but not copious ; litmus milk is hlucu, no reduction of nitvates, 
no acids, no reduction of litmus, n<) gas. (iroup No. 21 

Satisfactory control of this disease*, is st'cnrcd by selecting 
cuttings for pbuiling from bealtby canes, by using only those 
varieties most resistant fo IIm* disease, nnd by either abandoning 
badly infected soil (»r planting only a)»solutely resistant varieties. 

THE HUMID UAN<;RENK, OR POLVIIJ.U oK SL lAU UANK IN 
ARUKNTFXA. 

In 1895 Spega//ini (“ ) described a wet gangrene of the 
sugar-cane from the J lovince of 1'neunian in Aigentina. He 
ascribed the disease to baeteria, but did iu;t tborongbly demon- 
strate this. His description of the troMl»le eorrcspoiuls in nmny 
respects to the description of the gninming di.sejLM* (»f cane, und 
it may be the same thing. It is dilhcudlto tell if all tln^ syinploiiis 
given by Spegazzini are peenliar to or ebaraeterist ot ibis 
disease, Polvillo, or if several diseases have been emifnsed. The 

*The numbers refer to the hibliograiihy at the end ol tli*. j 4 ip»‘i. 



symptoms given are as follows : the affected plant has a chlorotic 
aspect ; and the leaves lose some of their rigidity and lustre, 
and bend down as if withered. On these plants certain leaf- 
blades bear lone dead stripes, involving the entire thickness of 
the leaf tissue. These stripes are more abundant on the lower half 
of the leaf-blade, seldom reaching more than half the length of 
the blade. They are linear, uari-ow, of variable length, vivid red 
or more rarely violet or orange- coloured. The same stripes 
appear on the leaf-sheath, especially on the inside of the sheath, 
liie inner faces of these leaf-sheaths also bear numerous red spots 
and a gummy exudate with a repugnant odour, Such leaf- 
sheaths are said to be thicker than normal, rigid, fragile, and 
breaking easily. The terminal bud is much inclined to rot. It 
comes out easily with a gentle pull from the leaf-sheaths which 
develop it, and then its basal part is found to be decomposed and 
yellowish or reddish, gummy, viscous, and transformed into a 
]jurulent paste with a strong odour. The decay extends some- 
times downward through the central part of the mature cane 
stem, exceptionally even to the roots. 

For control of this disease selection of cuttings only from 
healthy plants is recommended. 


TRICHOSPHAERU SACCHARl, MaS8. 

Said by Massee (-") to consist of ascigerous, stylosporoos, macro- 
conidia], and tnicroconidial stages. The stylospurous or Melanconlum 
stage is usually ^he one referred to in literature on this subject. The 
ascigerous stage has been found only by Massee, and the description of this 
was based upon two mature perithecia, on decayed cane fiom Barbados, 
and two immature perithecia found in flask cultures of the maoroconidial 
stage (see ThielaeivfJsiK parado.m). No genetic connexion has been shown 
between the ascigerous stage of Tnehosphaeria mrvhari and the other 
torms, and the lelation of the ascigerous stage to disease in cane has 
not been demonstrated. Nor has the relationship claimed by Massee 
to exist between the Melauconium and Thielaviopsis forms been con tirmed. 
See McUincoiiium saerhari. 

Peiithecia broadly ovate, blackish brown, sparsely clothed 
with long, dark, rigid hairs; asci cylindrical : spores 8, hyaline, 
cotitinous, elliptic- oblong, 8-fl x 4 microns ; aparaphysate. 

GNOMONIA ILIAU, Lyon. 

This fungus attacks the cane in all its earlier stages of 
growth. If the cane is attacked early and the season is favourable 
to the disease, many of the stalks remain small and often die, 
and many of those that live do not reach a height of more than 
one or 2 feet during the season. If the attack is not so severe or 
the season is more favourable to the cane, the stalks joint and 
attempt to outgrow the disease. 

If the small stalks are examined, it will be found that all of 
the leaf-sheaths near the ground are firmly cemented together 
>)V the fungus mycelium. The sheaths are dead and also the 
blades of all the lower leaves. A few green leaves will be seen 
protruding above the dead mass of leaf sheaths at the base. If 
the she.iths are pulled apart a dense layer of white mycelium 
will be seen between them. The fungus often fruits on these 
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small stalks, though perhaps not so abundantly as on the larger 
ones. On jointed stalks that are diseased the lower leaf-sheaths 
are cemented closely to the stalk and the white inyeelinin is 
abundant between them, as well as within the tissues. Many 
of the blades of the lower leaves are deadj and the living leaves 
at the top often have a yellowish appearain^e and are (*lose to- 
gether, forming a loose tuft. The lower joints of a diseased 
stalk, underneath the dead leaf- sheaths, are shorter than normal 
ones and also are often much less in dianu'ter than the joints 
above the diseased portion. The inyeelinin not only attacks the 
leaf-sheaths, but also enters the rind tissue so that often the 
sheaths are (piite firmly cemented to the stalk itself. The fungus 
gradually works through the rind and in toward the centre of 
the stalk, though the progress inward is not rapid. The tissue 
is turned to a red colour as the disease }>a8ses through the centre. 
If a diseased stalk is cut acn’oss tliere is seen on the out side the 
layer of dried and shrunken loaf-sheaths, then the dead and 
slightly discoloured rind tissue, tlien a ring of r(‘d parcnc^hynia, 
and finally on the inside a cylinder of uncoloiire<l perfectly 
healthy parenchyma. The killing of the rind tissue weakens 
the stalks, and many of them fall or are blown over by the wind. 

The Gnoinoiiia fruits abundantly on the dead leaf -sheaths, 
and especially towards the fall of the year on the larger jointed 
stalks. Two stages of the fungus are found : the imperfect, 
which is placed in the genus Melanconiinn, and tht» aseogenons 
or Gnomonia stage. In Hawaii the Melanconium stage is more 
abundant, the other being rarely found, while in Ijoiiisiaiia the 
(biomonia is the moie common. 

The imperfect stage either develops in the outer leaf sheaths 
or in the more deeply covered ones. It is not typical of the 
genus Melanconium, as instead of the spores being borne in 
open pustules or acerviili they an» usually in well developofl 
pycnidia. These pycnidia are imbedded in th(» leaf tissue, 
generally with but a pore at the top, though occasionally the 
apex may be prolonged into a well developed beak. 

The peritheeia develop very abundantly over tlie surface of 
the exposed dead leaf-sheaths and give the stalks a very charac- 
teristic appearance. The beaks extend for some distance from 
the surface and are very hard. 

The diseas<Mlue to r/9m/no)2/Ve Ilian and its imperfect stage 
is said to cause considerable d»imag<^ in Hawaii and in Ijonisi- 
ana, particularly in the young cane. 

Both Lyon in Hawaii and Edgerfon C*’) cari‘ied out. 
successful inoculation experiments to prove tlie relation between 
tliis fungus and the ‘Tliaii’ of cane. 

liXOMONiA iLJAU, Lyon. 

Peritheeia 1325-480 x 24t)'3lt) niiciona in size with beak about 
J350-550 microiicj ; asci clavate, thin- walled, ftO-SO x 14 microns 
with a well developed pore at apex ; spores I -septate, hyaline, 
slightly curved, often slightly constricted at the septum. 

Pycnidia 500-700 microns in diameter, and thin-walled ; spores 
dark brown, elliptical to oval, coarsely granular, 7’10 x 
microns. Plate 1, Figs. 1-4, Plate 2, Fig. 2. 

Hawaii and Louisiana. 
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ftPHAKBELLA SACrHART, Speg. (*) 

Spots none or pale, indeterminate ; perithecia densely aggregated 
in fineries on the undeiside of the leaves, globose, 130-180 microns 
in diameter, glabrous, immersed, the papillate ostiole scarcely per- 
foiating the epidermis, dark olivaceous ; asci cylindrical» 70 x 12, 
apex rounded and wide, base scarcely subattenuate, abruptly and 
minutely nodulose, pedicellate, 8 spored, aparaphysate ; spores 
straight or oblitjuely distichous, ellipsohl, lG-20 x 5*6, 1-septete 
in the middle, not at all or only slightly constricted, hyaline 
smooth. Plato III, Fig. .*1, Plate VII, Fig. 4.. 

Very abundant in cane leaves in Argentina, in Porto Rico 
and Cuba. On withering and dead portions of the leaves. 

ERIOSPHAERIA SACCHARI, Went. C'^^) 

Tliia fmigna is reported to cause deep red, 3’ellow- bordered 
spots on the under side of tlie leaves. 

Perithecia splierica), dark brown, 75 microns diameter, 
clothed, especially the upper part, with setae, dark-coloured, several 
celled, attaining a length of one half the height of the perithecia ; 
o.‘5tiole cross shaped : asci club-shaped, 8-spored, about 25 microns 
long ; spores 1-septate, oval, 0 >• 11 microns ; paraphyses present. 
Plate III, Fig. 5. 

Trinidad. 

tRPTOSPHAERIA SACCHARI, Br. de Haaii. 

This ftingus is said to produce the ring spot appearance on 
green leaves so common in most cane oountries. 

The spots usually appear first as small purplish discolora- 
tions on the surface of the leaf. They increase in size, drying up 
at the centre as they expand at the margin. The ring consists 
of a purple or bro^vnis]l band of varying depth, outside which 
there is sometimes a yellow areola losing itself in the green 
substance of the leaf. 

The spots are irregularly elongated, and become eventually 
quite large. They run into one anotlier quite frequently. Out- 
side them the leaf eventually dries up, so that a feature of the 
disease is the premature withering of the leaf. 

Microscopic examination of the tissues at the spots shows 
that they are permeated with slender hyaline threads which 
also spread on tne surface and there give rise to conidial spores ; 
van Breda de Haan has succeeded in infecting healthy leaves 
with the oonidia. 

At a later stage a second spore form appears, chiefly within 
the rings. Numerous black specks become visible, arranged in 
rows between the fine nerves of the leaf. These are the peri- 
thecia, the fruiting form usually associated with this diseasa 

Direct proof is lacking that these two spore forms belong to 
the same fungus, or that either is the cause of the disease. 
However, the perithecial form or Leptosphaeria is usually given 
as the cause of this disease. 

[l^ptosphaeiia Sacc^ri is the mast prevalent leaf disease 
of the augar*oane in British Quiana, affecting seedling and other 
varieties alike. The quantity of the fungus occurring each 
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year is directh^ dependent on ilie eliinatio oondiiions. Lale 
ripening of the cane is almost always accompanied l>y a large 
quantity of tlie fungus. 0. K. B.J 

Perithocia spherical, thin walled, brown ; 140mioroiis diameter, 
ascospoi^es 13-sept^te, brownish, 2U-2-i x 5 microns ; paraphyaos 
present. Plate 3, Fig. 2. 

Common in cane fields in most countries. 

THVRiDARi\ TARitA, Bancroft. 

Perithecia in a single layer, with several small ones often 
superimposed, immer.sed in a black erumpent sln)iiim, with minute 
ostinle ; asci fjylindrical clavate with 8 spores, ses.siie, !MM0(1 • I J 
microns ; paraphyaos ldU-130 microns long, ahundaiu, filiform ; 
ascospores monostichons, oblong, fuliginous, triseptatc, slightly 
constricted at the soiita, lU 20 0-7 micron.-. 

Reported by Baiuiroft to lie the perfect stage nf Diploditt 
cacnoirola, which sec. 

XKITRIA LACKKNTIANA, Maiclial. 

Occur.s on discoloured areas of the cane rind, usually near 
the nodes, on cane affected by motli borer or by anotlier fungus. 

Stroma somewhat broad, convex, superOcial, mm. diameter, 
seated on a hyaline, slender, cottony, evanescent, at first free, 
later confluent white parenchyma ; perithecia densely cae>pito8e, 
globose, or ovoid 250-350 microns diameter, strongly rugulose, oven 
subsquamulate, ferruginous, glabrous, (tstiole slightly dark, some 
what broad, membranaceous ; asci H-spored, oblong, cylindrical, 
at lower end aubsessile, ({0-70 7-S microns ; aparaphy.sate ; 

spores in one series, oblong, equal-sided, straight, at bottom end 
obtuse acute, 2-celled, constricted in the middle, rarely the lower 
cell somewhat narrower ; 12-1 < 4 •5-5 microti.s, episporc rarely 
subasporulate. 

Congo, Africa, and Porto Rico. 

USTILA(^0 SACXJHAKI. Rabeiiborst . 

»Sugar-cane affected by this fungus is recognized by possess- 
ing at the summit a long whip-like dusty black shoot, often 
several feet in length and much curved. This shoot is devoid 
of leaves, slender and flesible, and probably represents an abnor- 
mal floral shoot. In its earlier stage.s it is covered by a slimy 
white thin sheath wliich soon, however, ruptures, exposing a dense 
black dust consisting of the spores of the fungus. 

From the upper portion of the affected can<3, no secondary 
shoots arise, but from the lower part they are fairly abundant, 
being all in their turn attacked and prolonged into spore-contain 
ing organs. The tissues of the cane below the normal shoot 
contain the filaments of the smut fungus. TJiese are found 
between the cells. Diseased canes are poor in sugar and 
worthless ; the whole cane may, in fact, be destroyed. 

Usually this disease appears in plants approaching maturity. 
It sometimes ocoui*8, however, in plants only a few feet high, 
which suggests that the disease is carried through from the cane 
cuttings. Artificial infections in Java have given rise to diseased 
shoots in about a year, 
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Butler O reports that in India the disease does no great 
damage. Deer, however, reports the damage in Mauritius as 
considerable. Certain varieties seem to be more susceptible than 
others. These appear to be almost invariably slender varieties. 
In Java a case was reported where the disease appeared to spread 
from a wild cane, Saccharum apontanenm, to the sugar cane. It 
also occurs on S* Soltwedeli, Kodus, S. edulo, Hask, S, cylindncum, 
and S, Erianthi, in Italy, Africa and Java. It also has been 
reported on sugar-cane in Trinidad, Mauritius, Natal, India and 
Queensland. [Present in British Guiana, but little damage has 
been attributed to it. C.K.B.] 

Spores globosa-subangulate, 8-10 microns, olive-brown, or 
rufescent; epispore smooth, thick. Plate 3, Fig. 1. 

HYPOCHNus s.vcrnARi, Speg. 

Superficial, more or less widely eduse, (1-10 cm. diameter) 
yemarginate, delicately membranous-arachnoid, white or scarcely 
suh-rosy, consisting of delicate hyphae densely interwoven, septate, 
hyaline ; hytnenium subvelutinous ; basidia obclavate 20-35 x 5-8 
microns at the upper end attenuate, somewhat curved, lower end 
obtuse, round, continuous, simple, rarely bifid, 1-sporod, hyaline, 
spores ovate, 10-12 - 4-5 microns, hyaline, obtusely rounded at 
upper end, lower strongly acute, continuous, smooth, acrogenous. 

Develops only on the growing part of cane diseased by 
‘ Polvillo * (<(. V. ) Tucuman, Argentina. 

Considered by Horne (•') to occur in Cuba also. Horne's 
fungus is a true Hypochnus with 4-spored basidia, and with large 
eystidia which are obclavate and marked with accretions on 
tne walls. The fungus wliieh Horne <lesci*ibes is very common 
ill Porto Rico, causing a decay of the lower leaf-sheaths, Plate V, 
Fig. 3. 

[ODONTIA SACCHARICOLA, Burt.] 

[This fungus, which has been called the granular leaf-sheath 
fungus is very common at the base of cane stalks, binding 
together very firmly the lower leaf-sheaths so as to make their 
removal difficult. Whether or not the fungus penetrates below 
ground to the extent of attacking the roots is a point which it 
has not yet been possible to investigate. The only visible damage 
is the rbttin^of the leaf-sheaths which are permeated by the 
mycelium. The fruiting areas occur as uniform thin white 
patches with a granular, somewhat powdery surface encircling 
the stalk from the ground level to a height of 8 inches or a foot. 

The fungus is very commonly found on all varieties of cane, 
and occurs apparently independently of whether the stool is 
healthy or otherwise. 

In all studies of root disease made heretofore, this form has 
been, beyond much doubt, confused with other forms, and the 
presence of root disease assumed where it occurred. 

This form may easily be confused with the much less common 
armea 0. sacchari. To quote Dr. Burt ‘ 0. saccharicola is 
tniimer and is composed or shorter-celled hyphae which are not 
auberect, not nodose* sratabe and do not bear spores in the interior 
of the ftnotifioation. lire stellate crystals are present abundantly 
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in all specimens and appear to he of aid for recognition 

of this species.’ 

[onONTIA sACcnvRicar.A. 

Fructitication resupiuate, eftustid, adiiate, very thin, pulvevu- 
lenb, not cracked, whitish, drying cartridge-huff, the margin nar- 
row and thinning out ; granules minute but distinct, about 6-9 
to a millimetre ; in stiucture 30-o0 microns thick, wiih the gran- 
ules extending microns more, composed of loosely and 

somewhat horizontally arranged, branched, short-colled hyphao 
2-8 microns in diameter, not nodose septate, not incrusted out 
having in the spaces bet ween the hyphac numerous stellate crys- 
tals 4i-7^ microns in diameter from tip of ray to tip of opposite 
ray ; cystidia hair-like, Hexuous, not incrusted, septate, weak 
often collapsed, tapering upward to a sharp point, li-8 micions in 
diameter, protruding 8-18 microns, about 1-8 to a granule at the 
apex : basidia simple, cylindric-clavate, with 4 sterigmata reduced 
to mere points; basidiosporo hyaline, even, ol' microns 
riattened on one side. 

Fructifications 8-0 cm. broad, extending from the ground 
upward on .sugar cane, in .some cases 20 cm. or more and sometimes 
wholly surrounding the canes. 

Exceedingly common in all parts of Porto Rico. 

[ODONTIA SAOCHARl, Ihirt. | 

This species occurs on dead leaf-sheaths and at Idio base of 
living cane stalks in Porto Rico. It is not common. This same 
form has been referred to by Horne (“) in Cii))a as Peniophora sp., 
and later as probably i/y/K>r/nn(.s sftrriiari, Spog. Plic latter lias 
also been suggested as tlie proper designation for the Porto 
Rican fungus, but Hpegazzini’s ('^^) descriptaon of the H ypuvhnuH 
as the cause of a disease of the l>ud {CoyoUo) rather etfectively 
disposes of this possibility to say nothing of the characteristics of 
the fungus itself, 

[o^o^TTA sAcciTART, Burt. | 

Ffiictification resupinate, effused portions may be peeled 
from substratum when moistened — Hocco.so, white, becoming 
ivory yellow t-o j>alo olive-buff with age or in the herbarium, not 
cracked, the margin thinning out, lloccose-reticulate under a lens ; 
granules minute, sometimes so minute that they may bo overlook- 
ed except in sectional preparations, crowded, about. 8 to a milli- 
metre; in structure it)U80(J micron.s thick, with the granules 
extending 10-40 miciors more, composed of suberect, branched, 
loosely interwoven, hyaline hypbae 8J-1 microns in diameter, 
occasionally nodose-septate, not incrusted, bearing singly along 
their sides in their middle region hyaline, cylindric, even spores 
9-11x8-4 microns, basidia simple, with two sterigmata; basidi(» 
spores hyaline, even, subglobose, 8J x8-8*/ microns, cystidia septate 
cylindric, more or less granule-incrusted, hyaline, 6-9 microns iu 
diameter, protruding 20-60 micions, about 18 to a granule at 
the apex. Plate V, Fig, 8. J. A. S ] 

MARASMius SAOfJHARi, Wakker. 

Symptoim, The earlier symptoms of this disease are the 
firm adhesion of the lower leaf-sheaths to the stalk as if glued by 
a white paste. When the leaf-sheaths are torn away, they break 
up and reveal a white membranous coating. The leaves adhere 
to each other and to the stalk, and the latter is not perceptibly 



284 


aflFectocl except in extreme cases, fin severe infestations tlie base 
of the cane, near its attachment, is commonly internally infested, 
as may be the new shoots attaclied to it. W.N.] 

This adhesion of the lower leaf-sheaths is more conspicuous 
in those varieties of cane which normally shed the lower leaves, 
bub its presence at all times can ho readily ascertained by 
attempting to remove the trash. The fungus causing this root 
disease does not usually develop a conspicuous vegetative or 
ravcelial growth on the outside of the outer leaf sheaths. The 
white mould like growth common at the base of the cane is due 
to other fungi. The root disease fungus does, however, under 
certain conditions develop small toadst ools or mushrooms at the 
base of the cane and up on the leaf-sheaths as high as one or t wo 
feet from the ground. 

The adhesion of the leaf-sheaths and even the development 
of the toadstools may be found on what appears to be normal 
f^ane. They indicate the presence at any rate of this disease- 
producing fungus. Under certain conditions such as poorly 
cultivated soil, worn out land, on stubble cane, or in the case of 
drought, cane with these fungi soon begins to look slightly dry, 
the leaves tend to curl a little, and the growth is checked so that 
an infected patch can often readily be told from one free from 
the fungus. 

Young canes affected with the disease develop leaves more 
narrow, more tapering, and more pointed, and more upright, 
with a tendency to appear stiff. 

Stubble cane is usually more affected than plant cane, as the 
fungus has had opportuiiity to gain a good foothold on the 
dormant stubble. 

Came, This root disease is due to the fungus, Maranmim 
mcrhari, the fruiting bodies of which have been mentioned as 
appearing on the outside of the lower leaf-sheaths. . These 
fruiting bodies are apparently very erratic in their occurrence ; 
apparently erratic, but probably not really so For their 
development they require certain atmospheric conditions that do 
not always recur witli regularity. In certain fields of Porto Rico 
the writer was never able to find fruiting bodies, although the 
vegetative or mycelial part was there. In oth^r fields they 
occurred one year and not the next. In some fields they occurred 
in August one year and in December the next year. It is worthy 
of note that whenever they were found it was in the rainy 
season. Doubtless many planters have never seen them in their 
fields at all. 

Furtive causing the disease, 

MABA8MIUS sACCHABi, Wakker. 

Oregarioas or fasciculate at base, variable, persistent, 
membranous ; pUeus white, widely campanulate, then dingy white, 
plane, or oup-shaped, 15mm. diameter ; lamellae white, simple or 
bifurcate ; stipe central, white, 15mm. long, apex tubiforro, base 
villous : hyphae white ; spores hyaline, continuous, irregularly 
oblong, attenuate at both end^ rounded^ 16-20x4-5 microns. 
PlatelV. 
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The vegetative or mycelial stage of tlie fiingns should he 
further descrilied as oonsisting of minute white hranoliing 
threads which grow luxuriantly in the roots and over the outside 
of the roots up the stem and in and over llio lowei* leaf-shoaths. 
Tn wet weather tliey produce a gelatinous C'oating between the 
leaf-sheaths, and when this gelatinous suhstaiiee dries it causes 
the adhesion of the sheaths to each other and to Mie stem. This 
character is peculiar to the fungus and is alom* sutfioient to 
identify it without the toadstool fruiting bodies. Other fungi 
prodiit^e white growths on the outside of the lower leaves, but 
they are [>owdery, or cottony, or teathery, and all lacking this 
])a9te-like adhesiveness caused by /!/. H^trrhm i. 

The white mycelial threads of the fungus penetrate and 
gradually rot the roots, thus slowly cutting off the wat er-snmily 
of the plant and causing tlie appearance of drying out. The 
white mycelial threads under certain conditions come through 
tlie tissues of the leaf-sheaths to the outermost surface, and if the 
conditions there are favourable they may develop little white 
knots wliioli ultimately grow into tlu^ small dingy- white 
umbrella- like toadstools or fnietificatious. These contain ilit' 
numerous spores tliat serve to reproduce the fungus. 

Methods of dispersal. These spores may blow about, in the 
wind and thus serve to spread the fungus to other parts. As the 
rruetificatious are, however, uncommon, they are not the most ready 
means of dissemination. The mycelium itself in the soil and on the 
root may be broken off in portions and transported in soil, on im- 
plements, or on the feet of animals or labourers. Cane, tlie base of 
which is covered with the fungus, may be carried to otlier parts 
of the plantation for grinding or planting. TJie' growtli of the 
fungus directly throngli the soil itself is probably not/ important. 

[The account given above corresponds in all respects with 
the characters of the disease as observed in Barbados and othei* 
of t he Lesser Antilles. Widespread effects occur only in periods 
of insufficient rainfall, hub there are always fields or patches to 
he met with in which the affection exists in an active form as 
a result of poor cultural conditions, from whatever cause arising. 

Fields of plant cane infested as a consequence of low rainfall 
hut otherwise in good condition have been seen to recover and 
give a good crop of ratoons when favourable weather supervened. 

The cases in which, by reason of the absence of complica- 
tions, the significance of Marasmins sacchari is most clearly seen, 
are those in which, as occasionally happens, plants only a few 
months old are attacked and severely injured or killed outright. 
The infestation of the roots and of the base of the shoots is then 
very obvious, and the fnvtifications of Marasmins develop in 
abundance on the infested slioots if sufficient rain occurs to 
maintain moist conditions for a few days. W.N.] 

Infection experiments. Wakker in Java carried out 
successful infection experiments demonstrating that M. sacchari 
could injure cane, especially young cane. Howard in 
Barbados also carried out successful experiments to this same end. 
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Geographical dwtribution* In Java it occui’S particu- 
larly in the cane seed beds, but also occiu's to some extent in 
older canes. 

In Barbados this fiingas has been reported for some 
years, also from Trinidad ('^.) Sugar-cane root disease due to 
Marafiinim aacchari han been reported from [allj of the Lesser 
Antilles [including Martinique and Guadeloupe. W.N.J. 

In Porto Kico M. mcchari has been definitely recorded for 
several years. Also in Cuba. Hawaii reports il/. sarchrtn and 
the variety Hawaiiemis, 

[In British Guiana the disease has been prevalent for the 
past ten years. It is called the dry disease. At first considered 
by Stockdale to be due to physiological conditions, it was shown 
by Bancroft in 1913 to be due to il/. sacchari. 

Adhesion of the leaf-sheaths may in some cases be caused 
by the mycelium of Phallus aurantiaeus, one of the ‘ stinkhorns ’ 
commonly met with in cane fields. The purplish colour of the 
older mycelium and the presence of ‘ clamp connexions’ in 
abundance in the younger mycelium enable one to distinguish 
somewhat readily between the two fungi. ‘ Clamp connexions' 
in the mycelium of il/. sacchari are either very scarce or 
altogether absent. 

The symptoms of the disease in British Guiana are as 
follows : — 

As far as is known, it usually appears in isolated stools or 
in a clump of stools scattered over a field. It is frequently 
particularly noticeable in the outskirts of a field, though it is by 
no means confined to these parts. 

It appears in the form of a withering of the outer green 
leaves, which commences at the edges and proceeds towards the 
midrib. The central leaves are last affected. The top of the 
cane dries, and the cane dies. 

Frequently an effort is made by the cane to produce new 
shoots, several ‘ eyes' below the top sprouting ; this effect in fact 
frequently characterizes the disease. 

The cane if cut open is found to be discoloured red. The red 
<Uscoloration may appear in streaks or in thin lines. 

The leaf -sheaths do not fall away readily from attacked 
canes, but tend to remain attached. 

The old dry leaf bases are frequently mat. ted together by 
a growth of white threads. 

Many of the roots present a red or brownish colour, and are 
dead. 

A growth of white threads is present in the soil at the base 
of the cane and is attached to tlie loots. This may be present 
in small quantity and may sometimes escape casual observation, 

C.K.B.] 

[On some Jamaica estates, during drought, backward growth 
has oeen associated with marked development on the stools of 
sacchari and Himantia etellifera, H,F, A.] 
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MARASMIUS STENOPHYLLUS, Moilt. (SBMIU9TUS, jMaSS.). 

This is tJie common banana Marasiniiis, wvll known in the 
West Indies under the iiiniie M, semiKstuf*, The tiingiis occurs 
in Cuba on sugar-cane as well as oii bananas, xVpparently the 
same species occurs on cane in Louisiana and Texas. The action 
of the species is the same as that of M. sacchari. Tlie description 
is as follows 

Pileus thin, soft, fleshy, but tougli and persistent, convex to 
irregularly expanded, umbilic(\te, becoming eccontiic with age, 
gregarious to cespitose, 1-4 cm. broad ; surface minutely tibrillose 
to glabrous, radiate-rugose, hygrophanous, pale yellowish white to 
pale reddish- tan, margin concolorous, incurved when young, 
lamellae adnate with a slight collar, rare short decurrent, rather 
distant, broad, inserted, the long ones ventricose, white, inter- 
veined, often forking ; spores ellipsoid, smooth, hyaline, about 
7-9x5 (> microns : stipe tough, cyliiidric, tapering upward, usually 
curved, glabrous, white at the apex, pale-reddish below, whitish 
mycelial at the base, solid or spongy, at first central, often strongly 
eccentric with age, 1-4 cm. long, 1-2 mm. thick. 

MARASMUS I’LicATus, Wakkei*. (•‘“) 

This fungus has been reported as the cause of a root disease of 
sugar-cane in Louisiana. Material collected by the writer is 
indistinguishable from that on banana and sugar-cane in Cuba. 
Moreover, it does not correspond with the original description of 
M, plicdiua, VVakker, and therefore the writer has considered 
that M. plicaluH of American authors should be referred to 
M. Hlenophi/Uus (see Mi/adiujid, VIII, p. 115, 19lb). 

scHizoi^HYLLUM ALXEUM, (L.) Schrr. (coMMiiNE, Fries). 

This fungus has been reported on cane in Pernambuco, in the 
liiitish West Indies, British Guiana, Porto Rico and Cuba. It 
occurs very abundantly on diseased cane in Porto Rico, and 
occasionally appears to damage the standing cane. Also occurs in 
Santo Domingo, and the Southern Tnited States. Pilous fan- 
shaped, very thin, white and grey, downy, often lobed, 2-5 cm. 
broad, gills pale brown with a purple tinge, split portions and edge 
of gills revolute ; spores dingy, 4-6 x 2-.’5 microns. 

LATER NEA COJ.UMNATA, (Bosc.) Ncss. 

This fungus is common hi the cano fields of Western Florida 
and of Louisiana. Its rhizomorpbs are attached to the cane roots 
and stubble, and usually this association occurs only when the cano 
is in a decidedly diseased condition. Whether the fungus is the 
cause of this condition or not has not been decided. 

CYTOSPOllA SACCHAIU, Butler. 

This fuiip^us i» reptu’led by Butler (^) from British India as 
causing eruptions on the rind. He eousiders the fungus as 
apparently a parasite. In the case of one stool oxamined, the 
stem at one end of the upper internodes was affected and the 
fungus was present on the leaLsheatli as w(dl. 

The same fungus also oeeurs in Porto Bieo. It has been 
found on several varieties of cane, but never general in tlie field. 
It causes a distinct disease wliich is (diaracterized by the leaf- 
sheaths drying but lemaining on tlio stalk ; in the case of the 
coloured stalks they become more or less blanched, and eventually 



the entire stalk is killed. It attaoks and kills not only the small 
shoots in large stools but also the large nearly mature or mature 
stalks. The leaf sheaths become literally covered with the pro- 
jections of the pycnidia. The fructifications also occur on the 
stalks of fallen cane and on cane cuttings where they cause 
eruptions of the rind. The general abearance of the fungus 
is much like that of Gnomonia iliau. Butler’s description is as 
follows : — 


Stromata verruciform, airanged in a series, subcutaneous 
erumpent, pluiilocular, black, ostiole elongate, single, rarely 
furnished with two ; spores minute, cylindrical curved, obtuse 
at both ends, 3*5 x 1-1 *5 miciv'ns ; basidia branching, septate, 
12-18 microns. Plate III, Fig. 1. 

In the Porto Rican material the spores are not so distinctly 
curved as in that of Butler. It is, however, probably the same. 

( ONIOTllYRIUM MBLASroRLM. 

Ill lhi).o Saccardo changed the name of Jhirluv^a mdaspora 
to Conlolhijrnnii mdusft4tmhi. In the same year Prillieux and 
Delacroix studied material fnmi Mauritius which showed the 
same black erumpent fungus on the cane as did Darluca. They 
identilied their fungus to be identical with Darlnat m'7os//f r./. 
Their drawings answered well to MdunroHinm> michuri. 

UAio.rcA MKLAsroKA, Bcik. in Lilt. 

In 1898 Oook i»ublished a desciiption of one of Berkeley’s fungi 
as follows : — 

Puf^tulis prominulis, nigrus, sporis oblungis hinucleatis, cirrhis 
nigris, 0 015 x 0115 mm. From sugar cane in Australia. 

Evidently synonymous with ijfndfflhjrnhn mdnspnrmn and 
Mdtnv'oniutn sivxhan,, 

DIPLODIA UAOAOICOLA, P. HeUli, LASIOBIFLODIA THKOBROMAK, 
Griff, el Maubl. 

This fungus occurs on canes that have as a rule been injured by ether 
fungi or by insects. Affected canes are dried and generally show* longitudi' 
ual wrinkles. The rind is raised into numbers of little elongated bliaters 
which are arranged in rows following each other closely in the row. These 
blisters soon burst and in moist weather exude strings of spores which at 
tirst may be white but later turn dark. The resulting appearance is not 
unlike that of Mdanconium saccharic 

Pycnidia scattered, in the cortex, innate, black ; spores 
ellipsoid, oblong ur subovuid, 1-septate, obtuse at both ends, loculi 
l-guttate, sooty black, 18-22 x 12-11 microns. 

British India, Barbados, Trinidad, Porto Uico, Santo Domingo 
and Cuba. 

COLLBTOTRICH UM F ALC ATUM, \V cllt. 

This fungus is the cause of the red rot disease of the cane 
stalk. The mseused plants do not show any special outward 
indicatioos, at any rate so long as they are not severely affected. 
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At a later stage, however, the plant dies away, as is evidenced by 
the leaves becoming prematurely yellow and withered. The 
diseased appearance, however, shows itself plainly on cutting the 
stalks longitudinally, and it is then seen that in some cases one 
single joint, in other cases several joints, are attacked ; in the 
latter instance, these joints are for the most part separated from 
one another, so that two consecutive joints are comparatively 
seldom found affected. The disease shows itself in the shape of 
a red colouration of the interior of the joint, accompanied by an 
acid odour. The red colour is commonly une(|ually distributed, 
being darker in one place than in another, and when, in addition, 
the occurrence of peculiar white spot.s is also remarked, the stalks 
appear, on being cut, to be blotched all over ; the white patclies 
are especially distinctive as regards the ‘ red smut\ The rind 
is unaffected hy this fungus. 

Howard working in Barbados oii this same fungus main- 
tained that it was the cause of the West Indian ‘ rind disease'. 
He apparently overlooked the fact that the rind disease was 
commonly recognized by the preseiiee ol* numerous eruptions 
of the rind from whieli oozed black filaments, a condition not 
produced by nor (*onnected witJi tlie fungus Co/lelotrichtnif 
falcatunu Howard ai rived at bis conclusion by securing success- 
ful inoculations witli the Oollototrichum ami failing to obtain 
infection with Melunanihuu sac.chari His work demonstrated 
that the forjiier was a parasite and produced symptoms similar 
to the fungus in Java. [At th(‘ time when Howard was working, 
the name rind disease was in general use for th(3 atlection which 
eventually drove tlie Iiuurl)oii cane out of cultivation. Latoi* 
experience Kup]jorls his conclusion that C.'olletotrichum was tie* 
principal factor in this. The universal and conspicuous sccon 
dary infestation of the diseased eaiies with .M(*lanconiuni cx- 
plain.o the popular name. The later restriction of the term to 
the allectioii actually caused hy Melancoiiium is largely an out 
come of Howard’s work. The symptoms of this alfeetion are 
not those which Howard described. W.N.J 

Edgertoii (‘') has gone one step farther than the, others. 
Ordinaril}', at least, in the incipient stages, the presence of tho 
red rot cannot be determined by external examination. It is 
only on badly injured and dried portions of tho stem that the, 
fungus fruits, or on old dead stems. Edgerton, however, found 
that the canes in Louisiana often liad red streaks on the midribs 
of the leaves. Tlieso began as smootli spots but often (extended 
to considerable length, but did not extend into the adjacent 
leaf tissues. He succeeded in isolating C, falcalinn from these 
red spots and also in reinfecting healthy plants and artificially 
producing the red spots. Edgerton believed that by the presence 
of these red stripes of tiie leave.s he could determine the presence 
of C, falcatum. in a field in its early stages. Stevens of Florida 
made isolations of fungi from tho red stripe of cane and confirmed 
Edgerton’s findings that falcatum was present. The writer 
in Porto Rico rarely was able to find this fungus in the red stripes 
but almost invariably other species of Colletotrichum werf» 
present. Butler reported C, falcatum causing red stripes on the 
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midribs of the leaves, but he did not state that it was an early 
symptom of red rot. Went’s description of the fungus follows : — 

Sotae in a series or arranged in a cuspidate pseudo-oonceptaole, 
FX) X 200 X 4 microns, smoky, above paler ; oonidia falcate 
25 X 4 microns, produced at the base of the setae ; basidia ovoid 
20 X 8, hyaline or dark. Plate VII, Fig. 1. 

Geographical distribution. First described by Went from Java. 
Ill British India considerable work lias been done on this fun^s. 
Butler reported it as being transmitted through cuttings. Re- 
ported from Mauritius. Howard in Barbados investigated the 
fungus and proclaimed it the cause of the widespread rind disease. 
Material from Jamaica was examined by Massee, who identified 
falcdtum and reported it as causing a root disease. However, 
no field or inoculation work was done to prove this. The writer 
has investigated it in Porto Rico, Santo Domingo, Cuba, and 
the Southern United States. In Porto Rico the virulence of the 
fungus is more or less connected with the variety of the cane, 
and with weather conditions. In Santo Domingo it is present 
but appears to do no appreciable harm. It occurs in Florida, 
Georgia, Louisiana, and Texas, chietty in t!ie form of the red 
stripes, but lias also been reported by Edgerton as causing trouble 
in tno bedded cane. Investigations by the writer in Georgia have 
shown that it causes considerable loss in bedded cane. Lewtoii- 
Brain has reported the fungus present in Hawaii. 

Injection experitmnlH. Went, Butler, Howard, Edgerton, 
have done most in tlie way of inoculations. Many were success- 
ful and some were not. They have been sufficient to show that 
under certain conditions the fungus is an active parasite. It 
is equally true also, that under some common conditions the 
fungus will not develop. 

Loss from disease. Probably the greatest loss from the 
disease has been reported from India, but at times it has cer- 
tainly been severe in the West Indies. ITlie arrest of the epi- 
demit! of this disease in the Lesser Antilles by the adoption of 
resistent varieties affords one of the most striking instances of 
success from this method of control. W, N. | 

MELANCONIUM SACCHARI, Mass. 

This fungus is the one commonly associated with the rind 
disease of the sugar-cane. No one has made successful infection 
experiments to prove tliis. In view of extensive held studies, 
they hardly seem necessary. 

The fungus appears on tlie stalks of caue as fine black 
thi*ead8 emerging from the rind, in an earlier stage the rind 
may be tjovered with numerous slight elevations or blisters. 
These break open, and in moist weather the fruiting mass 
emerges as threads, or in dry weather it af»pears as slightly 
conical projections. The fungus usually fruits very abundantly 
so that the entire rind in an aftected area is killed. This is itself 
sufficient to account for withering of the leaves and final death 
of the plant, without the aid of any other fungus. 

The fungus occurs chietly on the rind, but is also found 
commonly on the bas‘3 of the leaf- sheaths. 
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The fungus coninioiily attacks overripe cane, never uninjured 
green cane. It sometimes develops in tlie cuttings, destroyino* 
them completely. It is a fact, moreover, that large, liealtliy^ 
looking mature canes, apparently uninjured, often quickly suc- 
cumb to some disease, and this is the only i'ungus found present. 
Such stalks first become water-soaked in the interior, tliey turn 
sour and dingy coloured inside, and evcntuallv tlie pustuli‘s of the 
fungus develop under the rind, and the wliole stalk dies. This 
commonly occurs on a few stalks jii a stool and occasionally 
affects a whole field. 

The virulence of the fungus or the damage caused by it varies 
a great deal in the different countries according to different 
conditions, while it appears to be present in almost all cane 
districts. 

MKLAiNCONllTM SAClMlVRI, Mass. 

Conidia produced in pycnidia formed under tlie epulormis, 
unicellular, pale brown, cylindrical, str.iiglit i»r sli^litly curved, 
14-15 X 3 r)-4 microns. Plate If, Fig. 1. 

Geographical distrilmtion : — 

Java, lleported by Went, but he also re{)oi‘ls anot her spore 
form. Considered by him to be strictly a 8apro])liyi(‘. II(‘ also 
refers to a black spherical spore form and to cblamydospon*s. 

Australia, Reported by Cobl) nmbT the name Slrnmella 
sacchari, 

Mauritius. Reported by Prillieux and Delacroix under the 
name Coniothyriuri melas^unum. 

Natal. Reported by Fuller undei* mime Si)’nniella sac^'hun. 

B'iitish West Indies. Reported many times from Rai’bados, 
Trinidad, British (luiana, and tin* snuiiler islands. R(‘|)orted 
from Janmica by Cockerell unchu'tlic, nann* 'Indlida .soee/nn /, 
E & E., also iXH Melanro)iiinn sarrhari by t’awcotl. \M('Jii)n'()rinni 
sacchari has long been known as a cane diseas(* in British (biiaiia. 
The damage attributable to it in different years varies gi’oatly. 
It appears in most cases, tliough not always, to be, most ])re valent 
at seasons wiSen the small moth bona- (l)iatraea) is most 
abundant. C. K. B.j 

Porto Rico. Reported by the Mayagm*/ Expejiment 
Station and by the Sugar Planters’ Experiment Station as 
causing serious injury under certain conditions, 

Sanio Domingo. Reported by the writer as comnuai 
but apparently harmless. 

Cuba. Common and of (umsiderable inii>ortance. 

Southern United States. Common but not causing serious 
injury. 

Hawaii. Common, and especially injurious on c‘.ano attacked 
by the leaf hopper. 

[Jamaica. Rind disease accompatiied by moth 1 oicr and 

? in borer in iurv, causes loss at tiir.cs in ripe or overripe ea nos, 

;.F.A.i 
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Nonvenclature. This fungus has been reported under 
different names, and as having different stages. It was first 
described by Cooke in 1878 from a description by Berkeley 
of material from Australia. The name Strumella mcchari was 
given to the fungus. In 1891 Cooke described the same fungus 
m>m Queensland under the name Darliica melaspora. Id 1S92 
Ellis and Everhart described this fungus under the name 
Trullula aacchari from Jamaica. In 1893 Massee described this 
fungus as the Melanconium stage of Trichosphcietna aaichari 
but without giving substantial proof of the connexion. Ill 1895 
Saccardo changed the name of Darluca melaspora to Contothy- 
riuni' fnelaaporum. However, the genus Melanconium is the 
proper place for the fungus, and it lias but one definitely proven 
stage, which bears the name Melanconium Saccharic Massee. 

Conditions of occm'Vence of the funuua. This fungus 
may be found at the base of the leaf-sheaths of cane over mne 
or ten months of age not uncommonly, and also on badly injured 
or diseased cane stalks. On nearly mature and overripe cane 
the fungus attacks large, apparently uninjured stalks and more 
or less destroys them. This differs with variety, with vigour of 
plant, and climatic condition. To illustrate : cane badly infested 
with borer in Porto Rico may completely rot away if also 
affected with the rind fungus, Melanconium nacchai'i ; but borer- 
infected cane in Santo Poiningo or in Louisiana is rarely or 
never rotted throughout by the action of the rind fungus. Again, if 
the tops are cut from mature or nearly mature cane in Porto 
Rico they frequently become infected and rot throughout with 
the rind fungus. If the tops are removed from cane of the same 
age in Santo Domingo, the cut joint often becomes infecied, but 
the fungus seldom passes down into the other joints. This 
variability in the fungus or in the conditions under which it 
occurs accounts for the fact that in certain countries it is 
considered a harmless saprophyte and in otlieis at times an 
active parasite. 

MELAXCONiuM 8ACCHARINUM, Penz and Sacc. 

Acervuli bypophylloue, gregaricup, arionced^etially, oblong, 
1 mm. long, 0*15 nun. wide, bJack, byster dd erumpent ; conidia 
laige, globo^e-C(lIJpIepsed, 24 microns x 14, black, tmooih, Lome 
on slender, filiforin hyphae. 

Java, Porto Rico, Southern United States, Cuba, 

CBPHALOSPOBIUK SACCHARI, Butler. (®) 

This fungus was first described as causing injury to cane in 
British India. It has since been reported from BaxWlos and 
Nevis. t»«) 

Except in oases of severe infections tUere is little seen of this 
disease until the canes are half grown. At this period, aflFeoted 
oanes in growth, and stunted, single stools, or patches of 
«*«» 80 ?Q be observed soattered through the holds 

in wliwh the dwew IS prevalent From , this on untUthe time 
of harvest mttaenng of individual oanes, or even of whole stools 
uccura Hie leaves dry up as if iusnffioiently supplied witli 
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water, followed by the stems, which become light and hollow* 
If the cane be s^it longitudinally when the leaves are fii’st 
observed to * wither, a characteristic discoloration of the }uth 
mav be observed. Instead of the bright red patches and streaks, 
bpken by transversely expanded white areas, seen in the red rot 
disease, there is a diffuse purple or dirty red discoloration, in 
which brighter red, vertical linos mark the position ot the bundles. 
The stem is infested throughout tlie reddened portion by a fungus 
whose hyphae ramify through the cells in all din'ctions. In the 
hollow which invariabljr forms in the pith of infected internodes 
at a late stage in the disease, there is usually a ( OjjiouB gn^yish- 
white, fluffv growth of hyphae, similar to those found in the 
tissue, and bearing great numbers of e-onidia. 

cErHALosroRiuM sAccHARi, BuUer. 

Etfuse, white, hyphae creeping, sparsely se[)t;ite, .‘t microns 
in diameter; conidiophores continuous, simply fuicuto or ' erticillate, 
above obtuse, at the middle or low.iid the base widened, b .’in 
microns long, 3*4 wide ; conidia numoious, arising in succession at 
the apex of the branches and collected in a head but easily 
separating, hyaline, ovoid or oblong ellipsoid, continuous, 4-j2 x 
microns. Plate VI, h‘ig. 4. 

[Successful inoculation experiments with tlie Darbados fungus 
are reported by J. S. Dash ( 'D hut tlu* resulting infection was 
limited in extent except where the cane was otherwise injured. 
This corresponds with the observation that serious ell'eets were 
confined to canes whose normal growth had hefui intm f(‘red with 
by the wrenching action of strong winds or the presence in the 
stool of Marasmius Sacchari, The outbreak in Barbados in 11)15 
was rather widespread, but restricted U> a short, period. No 
direct comparison of the West Indian with the Indian fungus 
has been made, but the close similarity of the two justifies (tareful 
attention to all such affected canes. W. N | 

THIBLAVIOPSIS PARADOXA, (DeSeynes) Voji Hohiiel. 

This fungus was first descnb(;d in lS8t) by DeSeynes as 
occurring on pine-apple and designated as Sjjarusf Jiisnia pani- 
doxum* In 1892 Saccardo referred it to Cha/anf, par adorn ^ 
(DeSeynes) Sacc. Went in 1893 described a fungus causing serious 
loss to the sugar cane growers of .lava and named it Thldaviojt^ix 
ethaceticus. Von Hohnel in 1904 called attention t(* the identity of 
the two, and named it Thielaviopsis pamdoxa. 

The fungus rarely occurs in standing cane but is common 
and ofttimes very destructive in cane cuttings. Cuttings 
attacked by this fungus become blackened throughout the centre. 
The development varies with different varieties of cane and 
different conditions. In the soft thick canes it is often simply a 
blackening of the centre. In thinner and harder canes tie re is 
usually first a bright-red discoloration sometimes mixed with dis* 
tinct yellow. The r^dened centre of the cutting becomes darker 
and Ultimately blackens with the development of the spores Ihe 
progress of the fungus is often so i apid as to preclude the successful 
germination of the eyes. Occasionally, however, the eyes germinate 
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and succeed in developing roots, before being attacked by the 
fungus. The fungits is not known to injure tiie growing, shoots. 

The fungus appeared to Went to represent a new genus and 
species as foffows ^ 

Charactet'B of yenus * 

Sterile hyphae hyaline or pale fuscous^, septate. Fertile liyphac 
septate, not branching. Macroconidia ovate, fuscous, catenulate, at 
length separating. Microconidia cylindiical ’or bacillar, hyaline, 
borne in chains in the interior of the hyphae and at length escaping 
from the apex. 

Characters of sjmies : 

Macroconidia 16-0 x 10-12 microns ; Micioconidia lo 15 \ 
3*5-5, within hyphae 100-200 microns long. Plato VI, Fig. 1. 

Went explains and illustrates very clearly the I'oj’inatioii of 
both macroconidia and microconidia ; that the former arise by 
a septation of the hyphae, and the latter by a septatioii wilbiu 
the hyphae ; also that the macroconidia are dark and tlu' others 
hyaline. DeSeynes placed his pine-apple fiingiis in the genus 
Sporoschisma, which shows either that he did not know liis 
fungus perfectly, or that he had one different from Went’s, 
for Sporoschisma has dark, 1-septato spores borne internally. 
Saccardo, however, was evidently .satisfied as to tlie nature* of 
the fungus, for he removed it from Sporoschisma to Chalara. 
This places it in a genus which has hyaline spori*s borne 
internally. Von Hohnel evidently obtaim^d information alK)ut 
the fungus of DeSeynes, for he believed it identical witli Thielari’ 
opfds ethacetictis, that is, that it had dark exttuiially borne 
maorooonidia, and hyaline internally borne microconidia. 

In 1893 Masseo described Trivhosphacria S' rchon and con- 
nected with it Atelanconinm Sacchari and i nuif jo- {ind a 
mioroconidial stage. Massee distinctly describ. s and illustrates 
both the macro- and microconidia as being internally borne, and 
both spore forms distinctly coloured. 

Notwithstanding these differences, Went has stated that 
the two spore forms of Massee are possibly identical with his 
two, and subsequent writers have agreed upon this. 

So far as the material of Porto Rico is ooncerned. that 
found naturally affecting pine-apples is the same as that on (*ane. 
Moreover, the macroconidia, while under low power appearing 
to be borne externally, under higli power can be detiiiilely seen 
to emerge from the hyphae. As far as the iniia-oconidia arc 
concern^, they are hyaline at first and may later turn decidedly 
brown. Fetch published an excellent paper based on his work 
in Ceylon, and correlates the descriptions of the various authors, 
confirming the writer s findings in Porto Rico. In accordance 
with this, the characterization of the genus Thielaviopsis should 
be modified. That portion relating to macroconidia should read 
‘ macroconidia ovate, fuscous, catenulate, at length separating, 
formed by extrusion of the protoplasm of the sporophore and 
the succeraive cutting off of portions.’ That part relating to 
microconidia should read ‘ microconidia more or less cylindrical, 
hyaline, or at length becoming brown, formed in the interior 
of the . sporophore, emerging from the apex in a chain, and at 
length separating/ 
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[The method of formation of the macroconidia described by 
J ohnston has not been observed by me in Jamaica in cultures 
from cane, coco-nut palm, and bananas. Tlie development has 
been seen to be acrogenous as illustrated by Went, Cobb, Larsen 
and otliers ; tlio end portion of the sporophore swells, becomes 
oval, and a transverse septum forms at the base of the enlarge- 
ment ; it looks, at times, as if this septum does not split, so that 
the spore appears to retaiji the whole of it, leaving the end of the 
sporopliore open, and pressing on the base of the spore ; this 
appeai’anco may be accompanied by a withdrawal of the plasma 
from the end of the sporophore, leaving a short clear region 
bounded by the cell wall. These appearances may have caused 
Johnston to infer extrusion. In reality, no doubt, the septum 
does always split though the sporophore portion may be very 
thin; if the plasma contracts it would seem to form a new 
septum before the apex of the sporophore again swells up. Some- 
thing very similar was observed recently in the formation of 
conidia lu a powdery mildew on mango flowers. 

Tt is curious that Went does not refer to the frequent brown- 
ing and (»val shape of microconidia in his diagnosis of the genus 
(•' “). His original account was published in the Archives of the 
Java Sttgar Industry in 1893. Kruger mentions the browning 
and oval shape {Das VmcMervohr^ 1899, p. 414) and furnishes an 
illustration, after Went (P. 417 D.), showing such conidia within 
and without a sporopliort'. 

Strains of this fungus isolated from cane cuttings, spots on 
the heart leaves of the co(50-nut and banana bulbs do not differ 
ill growth. A variety frequently observed as a saprophyte on 
decaying coco-nut tissue develops dark coremia in nature and in 
culture : in all other respects (growth, conidia) it resembles the 
above strains (see footnote, p. 120, Bull, Dei)t, Ayric,^ Jamaica, 
Vol. 2, No. t;, 1913), 

A form was recently isolated from the sap-wood of a pimento 
tree in which the mode of formation, size, and colour of the micro- 
aiid macroconidia agreed with Rostrella coffeae, Zimm. ; minute 
immature black perithecia (?) appeared on the mycelium in cul- 
ture suggestive of Thielavia in development. S. P.A.] 

GeograjJiiral disiribulion of the fungus. Java, tlie British 
West Indies, Porto Rico, Santo Domingo, Louisiana, and Hawaii 
have this fungus on cane according to reports. [Common in 
British Guiana. C.K.B.] It has also been reported on the 
endosperm of the coco-nut in Vienna, as a cause of the stem- 
bleeding disease of the coco-nut palm in Ceylon and in Porto 
Rico, and as a cause of diseases of pine-apples in Porto Rico 
and Hawaii.' 

Conditions favouraVe to the fungus. Cane cuttings that are 
subjected to a period of drought are more liable to the disease 
caused by this fungus than are cuttings under normal circum- 
stances. 

CERCOSPORA LOxVcaPBS, Butler. 

The cause of the brown leaf-spot. The first appearance of 
the disease is characterized by the outbreak of narrow, oval spots 
about J inch in length ami of a reddish colour, visible on 
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both surfaces of the leaf. Thei^e increase in size,^ and a brown 
centre becomes clearly evident. At the same time the tissue 
around the spot becomes discoloured and a welbmarked yellow 
areola may be formed. Butler’s description of the fungus fol- 
lows : — 

In spots which are elongated, on both sides of the leaf, often 
confluent, at first red, then bordered by yellow and by brown 
bands ; hyphae collected in gregarious heads, generally hypophyl- 
loue, flexuous, brown, above geniculate or denticulate, 100-2W x. 4 
microns ; conidia obclavate, attenuate above, straight or slightly 
curved, 4-0 septate, 40-80 x 5 microns, hyaline. 

Very common, especially on the thin canes, in India. Also 
reported from Trinidad and rorto Rico. Plate VI, Fig. 3. 

(^ERCOSPORA yaginjlb, Kr. 

The cause of the red spot disease of the leaf-sheath. Produces 
brick red spots usually toward the base of the sheath, which 
become an inch or more in diameter. Eventually the centre of 
che spot darkens and becomes black with the growth and fructi- 
fication of the fungus. 

The spores are usually two or few-celled, and have two 
forms, those appearing on the outside of the leaf- sheath differing 
in most cases from tliose appearing on the inside by their crooked 
form. They are lJl*6-42 x 7 microns. Plate VI, Fig. 2. 

Reported from Java, Trinidad, [British Guiana, C.K.B.] 
Porto Rico, Hanto Domingo, Cuba, Jamaica, and the Southern 
Hnited States, 

It is very common on certain canes [e.g. D. 95. C K.B.] and 
rare on others. 

hel:\iinthosporium sacjchari, Butl. (•*). 

The cause of the eye spot di.sease of sugar-cane. The infected 
leaf first sliows small red spots, which spread rapidly, chiefly in 
a longitudinal direction, and especially toward the tip of the leaf, 
and may run together to form long streaks. The centre of the 
spot soon changes to a dirty straw colour, around which the 
margin remains red for a time and then changes to dark brown. 
Butlers description is as follows : — 

In spots amphigenous, elongated, at first red, then bordered with 
either a straw-coloured band or a ferruginous one, 3-25 x 2-6miii., 
heads small black ; byphae fertile, simple, 3-10 septate, geniculate, 
olive-brown, apex paler, 100 190 x 5*5-7*6; conidia acrogenous, 
cylindrical or obhmg-ellipticih round at both ends, 3-10 septate, 
very widely tunicate, olive-brown, .35-60 x 8*5-12 microns. Plate 
YII, Fig. .3. 

Probably identical with Cercof^pora aacchuri, Br. 
de Haan, which from illustrations does not appear to be 
a Cercospora but an Helminthosporium. This ^ngiis is 
reported from Java, Jamaica, Trinidad, and Hawaii. Apparently 
the same fungus occurs in Porto Rico and Cul^ but is 
reported as Helminthosporium. 

eCLKROTIDM ROLP8II, SaCC. 

This fungus causes the disease known as red rot of the leaf- 
sheath. It is characterized by an orange-red discoloration of the 
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^r66n shoftth ftnd the |)r6S6iice of Bmall, more or l^ss red-browu 
solerotia. In the initial stages the white feathery inyoeliiiin 
ascends the stalk from the ground, and for the most part 
develops between the sheaths and the stalk, while the solerotia 
are formed along the margin of the sheath or on the outside. 
The fungus may ascend to a considerable height, but its chief 
aotivitv is confined to the region toward the case. In severe 
cases the nodes are attackecl and the rind is rotted away in small 
pitted areas. In certain regions the damage appeal’s to be 
chiefly that of retarding the development of the shoots. In 
other regions it attacks the larger canes and causes considerable 
injury. 

Sclerotiam Rolfsii is reported from the Southern United 
States as common on cane and causing considerable damage to it 
in Georgia, also occurring on many other crops to a serious extent. 
It is reported as causing considerable injury to cane in St. Croix ; 
it is very abundant but seldom injurious in Porto Rico, and 
occurs in Cuba, Jamaica, and Barbados. In all probability this 
is the fungus referred to by Wakker and Went as causing the 
red rot of the leaf-sheath in Java. 

The sclerotia are minute, at first white, then yellow, and 
turning to red brown and finally a dark brown. 

HIM ANTI A STELLIFBRA, Johns ton (3«). 

This fungus causes a decay of the roots and of the lower 
leaf-sheaths. Its presence is made evident bv the feather-like 
white mycelium apparent on the outside of the leaf sheath and 
between the leaf-sheath and the stalk. This fungus is extremely 
common on cane in Porto Rico, and likewise on many of the 
ordinary pasture grasses, so that its presence is of considerable 
importance in considering allowing sugar-cane land to lie 
fallow, and in planning for the rotation of crops. It was reported 
first from Hawaii by Lewton-Brain and later referred to 
by Cobb (5 ) as the ‘ stellate crystal fungus.* [Occurs in Jamaica. 
S.F.A.J The description is as follows 

Mycelium cobwebby, or somewhat dendritic, white, ascending 
the lower leaf-sheaths and within the roots, hyphae with olamp- 
connexions, and bearing on short side branches stellate crystals of 
calcium oxalate. No fruiting bodies known. Plate V, Fig. 4. 

Diseases not Parasitiu, or the Cause of which 

HAS NOT Definitely been Proven. 

Yellow stripe disease. 

Top rot. 

Sereh. 

Mottling disease. 

Wither- tip. 

Chlorosis. 

YELLOW STRIFE DISEASE. 

Characterized by yellow stripes on the loaf- blade and stem, 
with more or less the appearance of chlorosis. Cause not ascer- 
tained. Reported to increase in severity in successive ratoons. 
Severity greater or less in different varieties, therefore selection 
of seed recommended for control. Shows some similarity in 
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appearance with the leaf-splitting disease of Cobb, which was 
said to bo due to Mycospha^rella striaiiformana. Porto Rico. 
Said to be the same as the disease in Cuba. 

TOP ROT. 


Characterized by a soft rot of the inner leaves of the cane 
top. Variously reported as occurring chiefly on young canes 
and chiefly on mature cane. Cause unknown. Decayed con- 
dition often associated with borer injury, but not always. In 
Porto Rico never in the form of an epidemic bub in isolated, 
cases ; sometimes in young cane but usually in mature canes ; 
sometimes no insect injury can be seen. In Texas one field of 
seven- or eight-months cane had many stalks dwarfed and with 
rotted tops, usually free from ])orer. 

Reported in Java, Mauritius, Demerara, Porto Rico, Cuba, 
and Texas. 


SKRKH. 


A disease of cane in Java ; it has been extensively studied, 
and many theories are ext ant as to its cause, but this is not yet 
determined. In its most typical form the affected cane most 
resembles bunches of lemon grass {Andropoyon schoenanthi(s\ the 
Javanese name for which is ‘Sereh*, hence the application to 
the diseased cane. 

Symptoms of disease ascribed to this form are numerous, as follows 

1 , A shortening of the internodes, thus bringing the leaves 
closer together in a fan -shaped affair. 

2. The leaves are much smaller than normal ones and remain 
on the plant, not falling o0‘ as is customary. The leaf-blade is 
yellow-striped and dies in severe attacks. 

0. The leaf-blades open in succession on the short iuternodes 
abnormally early, and stand out widespread. 

4. The germination of the shoot and the root eyes on sereh- 
diseii^ed cane at the imdos just above the ground. This appearance 
varies a great deal on sugar-cane due to different causes (flowering, 
borer, layering, etc.). 

r». A strong dwarfing of the stem. 

(^. A weak and a (prek development of the roots. The root 
system of a plant badly alfected with sereh disease is either more 
or less dead or completely developed. Frequently the roots are 
much branched. 

7. Failure of flower formation. 

8. Anatomical changes, especially disintegration of the stem 
tissues. 

9. A (juick decay of tlie cuttings of sereh-diseased cane in the 
ground with red staining. 

Few or all of these symptoms may be present in diseased cane. The 
cause ot the disease has been ascribed to many things, as follows : — 

1. Unfavourable soil. 

2. Degeneration or atavism. 

too mucU^**^*^***^^ weather conditions, especially great dryness or 
4. Incorrect fertilizing. 
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5. Incorrect planting, and ignorant cultivation, oepccially 
deep planting, high hilling, early or late planting. 

6. Dearth of water through the death of the roots and con- 
sequently gum or resin formation in the stem, or a stoppage of the 
bundles by the secretion which forms in the bundle. 

7. Animal or plant parasites. 

Among the parasites are described the following : — 

1. Root parasites : 

a. llofpA'odota radici Mull. acc. Treub. 

b. TifltAirhust siierlutriy Sollw, acc. Soltwcdol. 

2. Stem parasites and bacteria, acc. Kruger, 

.‘1. Root, stem, and leaf parasites and stiryhari. 

The disease has been reported besides in Java, also in Malacca, Borneo, 
and Bangkok. Reports of the occurrence of tliis disease have been made in 
Trinidad and in Hawaii bub in neither case has it seemed to be either an 
infectious or hereditary disease of any importance. Types of cane plants 
corresponding to most of the types of soreh in .Java occur in Porto Rico. 
These types have varied from the normal owing to such unfavourable con- 
ditions as drought, excessive moisture, borer and other injury. Tn no case 
in Porto Rico does it seem to be a true disease. 

As control measures, the lollowing have been recommended in Java : — 

1 . The selection of diseasc-freo cuttings from disease-free 
areas, or the planting of cane especially for seed in sereh-free 
districts. 

2. Good seed selection and the use of the younger part of 
cane for cuttings. 

Tlic use of the more resistant varieties of cane. 

4. Arrangement of cane holds so that a new planting (»f 
healthy seed will not lie adjacent to a fioUl of soreh-diseased cane. 

5. Increased working of the soil to promote root development. 

Further points recommended for control were as follows : - 

1. Disinfection in various ways both of the cuttings and 
of the ground. 

2. Karly transplanting. 

3. An ininnini/ang <d the cane against seieh. 

As a result of the immense amount of work done on this disease, 
although the cause has not been positively asceriiined, neveitheless practical 
means of control have been obtained : (1) .selection of seed as to (iimlity and 
variety, and (2) growing seedlings in the mountains in sereh-free districts 
and transplanting to the lower cane liolds. 

[mottling disease.] 

[Within the last three years tliere lias appeared in Porto Rico 
a new and most alarming disease. From an initial small area it 
has spread or appeared spontaneously over a laige part of the 
northern half of the i.sland. The loss to date is believed to 
hav’^e reached half a million dollars, the damage resulting from 
stunting of the plants, reduction in amount of the juice, and 
final death of the stools. In addition such juice as i.s obtained 
is very difficult to handle in the mill. The disease follows 
a courae of approximately three years, appearing in the first on 
a few scattered stools in a given field, increasing in the next to 
possibly a 50-per cent, infection, and in the third, completely over- 
coming the cane. 
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The symptoms are first a peculiar mottling of the leaves ; 
nearly white linear spots and lines on a nonnal green baok- 
ground, or in early stages yellow-green lines and blotches. The 
mottling is quite distinct from the spotting occurring in cases of 
deterioration or ‘ root diseases *, In more advanced xBases cankers 
appear on the stalks, long linear, brown to gray in colour, and 
sunken. There is a greater tendency for cracks to appear, and 
the internodes of stalks in the canker stage are generally 
shrunken. There are no other symptoms such as bud rot, internal 
discoloration, abnormal clinging of the leaves, etc. No root 
abnormalities have been noted to date. 

No cause has been found for the phenomenon, either parasitic 
or environmental. It is now believed to bo a type of degenera- 
tion possibly induced by a combination of unfavourable weather 
and poor agricultural practices. 

The disease has attacked every one of the many varieties 
tried out to date, although certain ones have been much more 
subject than others. The Otaheite or common white cane of 
the country and other white canes liave been uniformly seriously 
attacked. During the past year the striped cane has fallen 
a prey, and not one type is yet known which resists the disease 
to u satisfactory extent, 

This disease has been treated in detail in the publioations 
of the Porto Rican Insular Experiment Station J.A.S.] 

WITHER-TIP. 

A disease reported first from Hawaii. Characterized by the 
leaves dying back from the tip. The midrib remains green long 
after the rest of tlie leaf is dead. 

Cobb reported various fungi associated with the disease but 
in no case proved a connexion. A pycnidial fungus, a fungus 
resembling Collelotricliiiin, and a third with long setae and 
spherical spores were found on the diseased leaves. 

In Porto Rico severe cases of wither-tip have occurred twice 
during the years 1911-14, and on the diseased leaves were found 
Hormiactella sacrhari (see Plate V, Fig. 1), Pericoyiia soccAan, 
(see Plate V, Fig. 2), and Colletotrichum falcatum. The connexion 
between these fungi and the disease has not beeii proven. 

CHLOROSIS. 

Chlorosis as a serious disease of cane has been reported from 
Porto Rico, where it occurs on the south or dry side or the island. 
It is found also in Cuba, Jamaica, Antigua, and Barbados. 

The cane affected with chlorosis becomes pale green and may 
eventually become a sort of milk white. The chlorotic condition 
retards tlie growth of young plants and sometime^ causes death. 
The condition may be permanent on certain kinds of land, or 
may vary with tlio amount of rainfall, . or water applied. Bar- 
bados Seedling 1753 has shown the greatest resistance to this 
condition. Applicat i'>ns of sulphate of iron to the- soil or to the 
leaves euoceed m tein[»orarily restoring the green colour to the 
leaves. 
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Chlorosis always occurs on very limy soils, but the severity 
of the condition is not directly proportionate to the amount of 

lime present. 

[In Jamaica chlorosis occurs on some northside coast estates. 
It is a chronic condition on certain restricted patches, but during 
wet years it is more or less marked over considerable areas. It 
is restricted to soils with a high marl content. S. P. A.] 

[Chronic chlorosis occurs in small patches here and there in 
Barilos, and is common in certain localities in Antigua, where 
the areas subject to it are known as gall patches. H. A. Tem- 
pany (**•) has shown that the condition is due in Antigua to the 
presence of soluble material, indicated by analysis to be sodium 
carbonate (‘ black alkali ‘). This is believed to originate from 
interaction between the calcium carbonate of the soil and sodium 
chloride brought up in solution from saliniferoiis deposits at 
deeper levels. The condition can occur in soils containing much 
less lime than mav be found in soils permitting normal 
growth, W. N.] ^ 

THE CONTROL OF CANE FUNGI. 

It is impracticable by present methods entirely to eliminate 
fiin^i from the cane field. It is, rather, the aim of the good 
agnculturist, while reducing the fungi to a minimum, to produce 
vigorous canes so that whatever fungi are present will have 
little serious effect. It is out of place here to discuss ordinary 
methods of producing vigorous canes, sucli as selection of good 
soil, thorough preparation of the soil, good drainage, selection of 
strong seed, proper planting, and proper cultivation. We shall 
discuss here what is primarily the control or rediKdion in amount 
of the fungi. This work is based upon several princtiples which 
are founded upon a knowledge of the cane fungi as given in the 
preceding pages. The most important of theses principles arc as 
lollows : — 

1. That healthy seed tends to give healthy plants, and 
conversely, unhealthy seed is likely to give unhealthy 
plants or no plants at all. 

2. That certain canes are more resistant to disease than 
others, hence cuttings from such canes will produce 
plants more resistant to some diseases. 

3. That means may bo taken to disinfect seed or to 
provide it with a protective covering. 

4. That the less food material there is for cane fungi, 
the less they will develop ; therefore other plants that 
harbour cane fungi should not be grown for a series 
of years, nor j^hould such plants be grown in rotation 
with cane. 

6. That many cane fungi infect the cane only when 
injured or in an otherwise uiihealthy condition, 
therefore all means should be taken to avoid such 
conditions. 
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6. That certain fungi develop only in mature cane« 5 , 
therefore care should be taken that infected mature 
cane is not allowed to stand long before cutting. 

Attention to these principles, in addition to the practice of 
ordinary good farming methods will do much to control both the 
amount of fungi in tlie Held and the effect of the fungi upon the 
cane. 

The application of the preceding principles is here given in 
some detail under their respective numbers : — 

1. By healthy seed is meant seed free from borer injury, 
free on the outside from tbe mycelial coating of 
Marasmins Saccluiri^ Himantia slellijera^ Sclerotmm 
Rolfmif and any signs whatevGLT of mould ; on the 
inside free from any rod discoloration or black discolor- 
ation. The stalk from which the cutting is selected 
should be affected with neither the rind disease 
{Melcniconium Sncchari) nor the rod rot (Colletotrirhuni 
falcait(w\ and should not he affected with the root 
disease (Mavan'inius Sacchari)y the red rot of the leaf- 
sheath (Self rof nun Rolffiii), Jior by any unfavourable 
conditions. Jn brief, a perfectlj^ sound stalk should 
he used for the seed. 

2. Tliat certain varieties of cane are more resistant tlian 
others to the pine-apple disease, has alread}^ been 
]iientioned under the discussion of the fungus (Tliiel- 
aviopsis) causing that disease. lb has also been 
indicated in the oiscussion of Marasmh^ Saerhari tliat 
there is a variation in resistance among the varieties 
in regard to their susceptibility to this fungus. 
Recognition of this should be made in selecting canes 
ior planting. [Good results liave been obtained in 
British Guiana by substituting D. 1 15 and D. 118 for 
Bourbon or D. 625 in badly affected fields. C. K. B. | 

3. Ordinary Bordeaux mixture either of the formula 
2 2-50 or 4 4-50 will servo both as a disinfectant to 
destroy all spores of injurious fungi on tlie seed, and as 
a protective covering (o prevent the entrance of 
fungi. It will not de.stroy fungi in tlie interior of tlio 
seed without at the same time injuring the seed. 
The interpretation of the formula is pounds of lime, 
pounds of copper sulphate, and gallons of water, 

[An improved form of Bordeaux mixture is prepared as 
ollows : — 

Formula, — Blue-stone 14 lb. 

Quicklime ... ... ... 9 „ 

Water .. 100 gal. 

Method of j/u'rb?,r/.— Use the blue-stone stock solution at ful 
strength. Dilute tlie 'ime stock solution fully with water. Pour 
the blue-stone soluiion into the diluted lime solution and 
Bordeaux mixture (of i sky-blue colour) results at once. 

Example,— To make 100 gallons of Bordeaux mixture, stir 
thoroughly the lime stock solution ; then take out 9 gallons 
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and pour through a ( oarse stniiiioi’ (rejecting all huupvS) into 
a galvanised -iron tank or wooden vat. Add 77 gallons ot* water, 
thus obtaining 81) gallons ol* ‘ milk ol* lime’. Blir, and then pour 
into the midst of the lime 11 galloius of the hlue-stono sto(*k 
solution, and Bordeaux mixture is obtained. Stir before use. 
C.K.B.] 

4. It has been noted in preceiling pages tliat at least 
iialf a dozen cane fungi occur also on other plants. 
Perhaps the mosi. imp* rtanl. ol' these is the cause of 
the pine-apple disease {TJn’cldriopsis parado.vit). This 
disease occurs on cane, on pin(‘-a])ple, on bananas, and 
also on the CH)eo-nut palm. If cane land is put into 
pine-apph‘, ov vice versa, it would be advisable to 
know tin* extent of this disease in these tields in Ua^ 
])receding years, otherwise tlua-e might result an 
unexpected poor germination of tlu^ c-ane, or a poor 
setting of the [)ine-a])ple slips. 

The otIu‘r inqxu'taiit diseases oecnrring on other crops 
than cane are th(‘ root diseases eanstxl hy Mardtaniiis 
Sacchdri and Hinnuitid slrllifvrd, These two fungi 
occur also on grasses. For this reason allowing the 
land to li(‘ fallow in pastniHS while of some hencHt, 
will not s('rve to bill out these fungi. By far the 
l)o:t(‘r way is to plant year by )’ear sections of the 
land iu swoit] luxins <>!• other leguminous cro[). In 
this way Iho fungi are pretty well starved out , 
and the laud is oilierwise improved more than it 
wonkl be if turned into pasture. 

5. Injured cam' undoubtedly .se]•^'(^s as a mc'ans of 
infection. Tlierofoic any red mttion iji tlie amount of 
borer injury, ea,ttle injury, wliite grub injury, rat 
injury, or anytJuug similar will do mueb to reduce the 
ainount of fungus iubu^tion. 

0. McldiU'tdUinn S((('rhdi'f ami CoHr/o/ ntlnnit fdlcdlinn 
growing in luatuiv cam* may tjui<‘kly destroy the 
greater ]).irt of tlie sugar e ml cut of the stalks, the- 
rapidity of tins action de])c]uling upon tlie vigour of 
the (raiie, variety of c.uie, age of cane, and weather 
conditions. Oji ‘jertaiii soils, tlie canes often ap])car 
to have little resistance. While they may have 
attained a good size, they may, iievert lie less, aftej* 
maturity, wlien infected with these iungi, become 
worthless in a riiontirs tiim^. Infection in mature 
canes should tlierefore he carefully watched and at the 
lirst sign the (;ane should be cut as soon as jiracticable. 

[The im'.thcds of trooMnentof root disease wliicli liavc been 
adopted in British (hiiana and found to be successfui are : — 

1. Iniprovpjl cull/vatlon methodic, — a. It is generally suj)- 
j)osed that t he fuiigii.s is wx\akly parasitic, and vigorously growing 
canes are less liable to attack than those which arc weak. 
Careful nietliods of (adtivation and drainage tend to diminish 
the attacks from the fungus. 
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b. Ratoons are cnore badly attaoked than plant oanes. 
Special attention to the treatment of ratoon oanes 
and the abandonment of ratooning in badly affected fields 
should be practised. 

c. The throwing of badly infected fields out of cultivation 
and flooding of the land for a couple of y^rs is a 
method which has given good results, the ooi^t being 
to diminish the amount of the fungus by robbing it of 
its food supply. 

2. Isolation , — The appearance of the fungus in isolated 
stools or clumps of stools along with its spread by the growth 
of the mycelium underground naturally offers a means of check- 
ing its spread by isolation by trenches. These should be made 
24 inches deep and 12 inches wide, and should enclose the 
infected area. 

3. Sanitation,— s,. The destruction of diseased stools is 
essential for the control of the disease. Affected stumps should 
be dug up and burnt. Trash from infected areas should be 
burnt. Lime applied, as nearly unslaked as possible and at the 
rate of li tons per acre, to these infected areas before suppl 3 dng 
is beneficial as a fungicide. 

b. The selection of plants for cuttings from infected fields 
should, where possiole, be avoided. 

c. The propagation of the plant by the practice known 
as ‘stumping' tends to spread the disease unless special 
care is taken to avoid the use of stumps from infected 
fields. 

4. Disease resist my varieties,— Thovo are some canes which 
show a marked resistance to the disease, although it is doubtful 
as to whether any cane is immune. The varieties which are 
generally badly affected in British Guiana are Bourbon, D. 625, 
B. 208, and Green Transparent. The two former suffer more than 
any other varieties. Of the others, D. 109 is frequent^ affected. 
D. 145 and D. 118 are more resistant. D. 216 and P. 159 are 
not reported to be affected. The planting of the more resistant 
varieties in badly affected fields for a period of several years for 
the purpose of checking the spread of the disease should, where 
feasible, be adopted. Supplying infected stools with plants of 
more resistant varieties should also receive attention. The 
object of these methods is to reduce the quantity of the fungus 
in the soil to a minimum before replanting with the more 
susceptible varieties. C. K. B.] 

[Wide experience shows that the most reliable method of 
avoiaing root disease in dry districts lies in the alternation of 
crops, while considerable benefit is derived from any system 
which permits the fields to be cleared of sugar cane for even 
a short period. The general avoidance of even first ratoons on 
the lower and drier levels in Barbados is without ipuoh doubt 
principally due to the necessity of clearing and thoroughly 
working tne land each year in order to escape the effdcts of root 
dise^e. Even this system does not usually permit of the 
growing of more than two crops of cane in suooession, and where 
root borer is also prevalent, strict alternation is desirable. 
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The persistence ot* root disease in localized patches usually 
indicates a need for Special attention to soil conditions. 

Gases of early infection in plant canes would appear to be 
due to the Ranting of infested cuttings, especially of susceptible 
varieties. The advice to avoid cuttings from diseased Helds 
appears unpractical to many planters, because they have found, 
in favourable years, that such cuttings have given as good 
results as any others. The samo consideration applies to advice 
to refrain from ratooning infested Helds. 

In St. Kitts, where the use of Ih 208 persists in certain 
districts, that variety is regarded as especially susceptible to 
root disease. W. N.] 
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Plate I. 

Fig. 1. 
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Plate IL 
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Plate III. 

Fig 1. 
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Platt IV. 


Gnoinonia ilian, asci. 

„ „ vertical section of ])eritlicciuni. 

Melanconinm ilian, conidia. 

„ „ stromata. 

Melanronium Sacchari, vertical section of stroma. 
,, ilia'll ,, ,, ,, ,, 

Vstilago Sacchari, showing whip-like diseased, 
part, and spores. 

Leptoaphaeria Sacchari, asci and spore. 
Sphaerella Sacchari, surface viewof perithecium. 
Cytospora Sacchari, showing siirfate view of 
pycnidia, vertical and longitudinal sectifms of 
pyonidia, spore, and sporophore. 

Emosphaeria Sacchari, asci and spore. 

Maraafimvs Sacchari. 



Plate V. 

Fig. 1. SaccAa?*^ 8poi*ophore8, and sori. 

2 Pf*} ico}n'a Sacchari, sporophorea, and spore, 

II Odoniia Sacehari, cystidium, and basiainm with 
single spore. 

4. Himnntia steLlifera, hypha with stellate crystal, 
and swollen bodies. 

Plate YI. 

Fig. 1 . Thielavicvpms paradoxn, spbrophores of micro- 
and inaoroconidia. 

2.* ( ercoHpora vaginae^ sporophdre and spores. 

«. longipes „ „ 

4..‘ Cephalosporium Sncchari, Sporopliores and 
spores. 

MateVlf. 

Fig. 1. Colie tot ri chum falcatuni^ sporopliores and spores. 
2. ( 'ercospora Kopkm, sporophores and spores. 

II. HelminthoHporium Sacchari, sporophfires ainl 
spores. 

4. Spnaerella Sacchari, asci. 

Note : The illustrations have for the most part l>een made 
as follows : photo^ raphic copies were made from various publi- 
cations and redrawn, an I then extraneous parts bleached out. 

Due credit should be given to the original sources of these 
drawings, as follows ; — 

Plates I, II, 111, Figs, 8 and 5, Plate Vll, Figs. 1 and 4, 
to the Bull, of the Ilmvaiinn Stignr Planters 
Experiment station. 

Plate III, Figs. 1 and 6, Plate Vf, Fig. 2. Plate VIT, 
Fig. Ij, to Wakker and Went. 

Plate III, Fig. 2, Plate VI, Figs. 2, 3, and 4, Plate Vll, 
Fig. 3, to Mem. of Dept, of Agric, in India, 

Plate IV, to Cuban Experiment Station. 

Plate 111, Fig. 4, Plate V, Plate VI, to Porto Rican 
Insular Experiment Station. 
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REPORT ON THE PREVALENCE OP SOME PESTS 
AND DISEASES IN THE WEST INDIES 
DURINO 1916. 

(Compiled from the Jleports of the pnnripal local 
Auvindturnl Officers,) 

This is the ei^^ht-h report of this series, {he latest previous 
one, that for 1915, appearing in tlie West Indian Bidletin, 
Vol. XVT, p. 1. The present report covers the period Jaiinary 
to December 1916, and has been prepared in the same way as 

K vious ones, from information supplied by the Agricultural 
cers in the several islands. 

entomologist's visits. During the year the Entomologist 
visited St. Vincent in January, and spent a day in Antigua in 
March on the way to the Cotton Conference in St. Kitts. 

The principal object of the visit to St. Vincent was to 
investigate the condition of cacao cultivation more particularly 
in connexion with the occurrence of thrips as a serious pest on 
cacao. The condition of the citrus and cotton industries was 
also investigated, and the minor crops received consideration. 
Abstracts of the report on this visit have been published in (ho 
Agricultural Xeus, Vol. XV, pp. 206 and 222, under the heading 
Cacao Thrips and Die back in St. Vincent, and in the Annual 
Report of the Agricultural Department, St. Vincent, for the yenr 
ended March 81, 1916. A short summary of this report also 
appeared m the Revieic of Applied Rniomotoqy, Vol. iV (1916), 
p, 416. 

mycologist’s visits. In company with tlie Entomologist the 
Mycologist Visited St. Vincent in early January with the princi- 
pal object of investigating the reasons for the poor condition of 
certain cacao cultivations on the windward coast. Apart from 
a few patches of Uosellinia root disease, tlie general type of 
failure found took the form of a progressive die-back, in wliich 
the trees are subject to repeated severe attacks of thrips, and the 
dead and dying branches are infested with the die-back fungu.s 
Lasiodiplodia Theobromne, The conclusion was reached that as 
result of the remarkable lightness and permeability of the St. 
Vincent soil, cacao in that island, in spite of the rather heavy 
rainfall, is being grown very near to the margin of the conditions 
of moisture and humidity necessary for its successful cultivation. 
Under these circumstances there is a special need for the provision 
of fairly dense top sh«de, wind-belts and marginal Fcreens, for 
the use of quick-growing plants to 611 in open spaces, and for 
the supply of coarse organic manures and mulches to make the 
soil more retentive. I'he matter was discussed at length in 
a joint report which has been separately published. 

Attention was also given to the internal boll disease of cotton 
and the ‘ burning disease ’ of arrowi*oot, both of which have 
since l^en the subject of papers in the West Indian Bulletin, 

In March the Mycologist took part in the Cotton Conferenc# 
held at St. Kitts, 



In May and June an extensive tonr was made in Dominica 

for the continnation of the study of root diseases of lime trees. 

The results as regards the most important of these have since 

been published. 

Cum ATE. 

GRENADA. The dry season (February to May) was very mild 
and unusually moist. Heavy rains in November wei'o 
general over the island. The remainder of the j^ear was 
practically normal. The weather was very favourable, on 
the whole, for all crops. 

ST. VINCENT. The rainfall for the year at the Botanic Station 
was 137*63 inches, being unusually heavy in October and 
November. The abnormal rainfall in these two months 
caused great damage to cotton. 

ST. LUCIA. The rainfall for 1916 at the Castries Station was 
1 10*48 inches, this being 18*29 inches in excess of the aver- 
age rainfall for the last twenty-six years. The rainfall 
was particularly heavy in the months of June, August, 
September, and October. The driest month was April. 
Heavy winds were experienced in August, September, and 
October. The cacao crop suffered from excessive rains 
which favoured fungous diseases. A reduction in the 
acidity of the lime fruits was noticed, but the trees bene- 
ftted in most cases by the rains, which checked the snow 
and mussel scales, probably producing conditions favour- 
able for the development of their fungous enemies. Sugar 
cultivation benefited in the dry districts, but suffered 
somewhat in the valleys with clay soils. 

DOMINICA. The rainfall for the year was 81*42 inches, which is 
only a few inches more than the mean rainfall for f)ver 
twenty-four years. The rainfall may therefore be consid ■ 
ered sufficient without being excessive, and the distribution 
was, on the whole, satisfactory. The outstanding feature 
of the weather conditions was the hurricane experienced on 
August 28, wliich in certain districts did a very considera- 
ble amount of damage, and, as it happened, those districts 
which have of late years suffered most severely from fun- 
gous diseases also suffered most in the recent hurricane. 
Up to August 28 the weather conditions must have been 
very satisfactory for the development of the lime crop, for 
the island would have produced a record crop. 

MONTSERRAT. There was a comparative absence of high winds 
during the period of growth of the cotton crop, excepting 
that on August 28 a severe gale did considerable damage, 
particularly to the windward crop, April, June, and 
Decem^r were the dry months, while excessive rains fell 
in October. For the cotton crop at windward the dry 
month of June was very harmful, while at the leeward side, 
where the crop was a month Wiind that at windward, 
the only prejudicial weather experienced was the excessive 
rainfall 01 October. 

For the lime orop the dry month of June resulted in the 
fruits of the main orop being small on maturity, and the 
trees seemed bo receive a severe set-baok. At windward it 
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would seem that the dry month of December wae connect-* 
ed with the partial failure of the onion crop. 

ANTIGUA. The mean rainfall for the island was considerably 
above the average for the last three years. The first nine 
months of the year from an agricultural point of view 
were all that could be desired. The heavy rains which fell 
ill October and November did harm to some crops. Ratoon 
canes suffered considerably, especially in badly drained 
land. Although the cane crop for 1916-17 will not be as 
good as the one for the preceding year, it will however be 
much above the average. Limes and coco nuts have made 
good growth. The heavy rains mentioned above damaged 
newly transplanted onion seedlings, and some cotton ready 
for reaping was also lost on this account. 

ST. KllTS, The rainfall for the year was nearly 66 inches. The 
hrst three months of the year were suitable to plant 
. growth. April was a dry month, and from May lo the 
end of October the weather was wet. Generally speaking, 
the weather has been very suitable to the sugar-cane crop. 
With the exception of December the canes received no 
cheek in growth. The dry weather in December was 
unfortunate, as it affected the germination of the cane 
plants, and also ripened up the plant canes and ratoons. 
The cottoji cro}), especially in the northern district, w'as 
severely affected by the wet weather, and except where 
planted early, the crop was generally a ftiilure. In the 
Valley district the dry weather of Decembei’ resulted in 
the cotton plants prodiming a much larger number of 
bolls than was expected. 

NEVIS. The rainfall for the year was 61 •0-1 inches. The distribu- 
tion, oil the wliole, was fair up to September, but from 
October to December the rainfall was exceptionally heavy, 
over 22 inches falling during the three inontlis. 'J'lie 
heavy lain.s during tlie latter part of the year did very 
great damage to the cotton (-rop lliroughout tlie island by 
pro<lucing conditions favourable for the development of 
fungous diseases. 

VIRGIN ISLANDS. The rainfall duiingthe period liom May to 
September was gcMjd, well distributed, and boneticial to 
crops, Octobei* and November were marked by heavy 
rains. The Iiuriictaiie season was one of exceptional 
activity, there being Ji total of eight cyclo.iic disturbances 
during this season. Mo.st of tbc.se passed by the islands, 
but the cyclone of Octobi'i* 6 will long )>e remembered. 
Up to that date the crops promised exceptionally well, but 
Ibis severe stoJin practically' destroyed all crops. The 
rainfall fur the year wa.s 69 6o inches. 
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PART L^INSBCT PESTS 


BY J. 0. HUTSON, B.A., Ph.D., 

Entomologist on the Staff of the Imperial Department 
of Agriculture for the West Indies. 

SugarcaNk. 

MOTH BORER {Diatraea sacchavalis, Fabr.). 

ST. VINCENT. Generally present, locally severe. 

ST. I^CCIA. Prevalent in most cane fields, but no serious outbreaks. 

MONTBERRAT. Plentiful in Grove Station at the beginning of 
1916. No observations elsewhere. 

ANTIGUA. Generally present. 

ST. KITTS. Moth borer has not done very much damage during 
the past season owing to the favourable weather condi- 
tions, but could be found on all estates. 

NE.VI8. Occurred to a fairly great extent throughout the island. 
VIRGIN ISLANDS. No observations. 

WEEVIL BORER (Metaindfiiits sericettt<^ OUv.). 

8T. LUCIA. Not observed. 

MONTS KRRAT. No observations. 

ANTIGUA. General in cane fields. 

NEVIS. Not observed during the year. 

ROOT BOBERS {Ditiprepes ubhreviuhis, L., and others). 

ST. VINCENT. Generally distributed. 

ST. LUCIA. Present but no serious damage reported. 

ANTIGUA. Exo2)hthahnuH emriens found in some fields in southern 
part of the island. 

ST. Kill’s. D. abbrevidliis occurs on estates in different parts of 
the island, and on one or two it is usually accompanied by 
root disease (Marasmius). It is however not so prevalent 
as in past years. E. e^urieiiH has greatly decrease 1 in 
numbers, and the damage caused by this insect during the 
past year is very much less. 

NEVIS. D. abhreviatUH was not observed during the year. 
' E, estvxiem. The adult insect was seen in different parts 
of the island in cotton fields and on hedges. 

VIRGIN ISLANDS. Very abundant in the adult stage in May and 

June. 

HARD BACK GRUBS. 

8T. LUCIA. No damage i-eported. 

ANTIGUA. Lachnotfteyma sp. common in heavy lauds in centre 
of island. 

NEVIS. Grubs of Liyyvua tumuloms occur in nearly every cul- 
tivated field. 



WHITE ANTS (TERMITES). 

ANTIGUA. Found c5ommonly in some districts, but do no 
apparent damage. 

ST, Kirrs. These insects are doing no damage on the Pond 
estate whei’e they were originally lound, and at Buckleys 
estate thei’e has also been loss damage. 

MISCELLANEOUS INSECTS. 

GRENADA. An outbreak of froghopper occurred in November, and 
was investigated by (J. B. Williams, Entomologist -iii- 
Charge of Froghopper Investigations in Trinida<l. 
Frognoppers were found to bo fairly well distributed 
throughout the island, but actual damage occurred on two 
estates only. 

' ANTIGUA. Mealy-bug, common. 

ST. laiTS. Grasshoppers were very prevalent, and did mucli 
damage to the young canes, especially in the Valley district-. 
Tliey occur usually about February and March. IVisonefI 
bait of Paris green and bran was applied successfully in 
a few instances. 

NEVIS. Slight attacks of grasshopper. 

Cotton. 

COTTON WORM {Alabama aryillavea, llubn.). 

ST. VINCENT. Generally present, locally severe. 

ST. LUtUA. No estate cotton grown during the year, and no pests 
observed. 

MONTSERRAT Appeared in certain distriets in July, :uhJ 
throughout the season was etfeetively controlled. Not 
nearly po severe as in previous season. There was a 
marked cessation of attacks on the development of the 
second growth of the plants in the months of October and 
November, and very little dusting was i*c(jnired at tbat- 
lime. 

ANTIGUA. Attacked old plants in January, and aj^peared again 
in June, and from then on several severe attacks were 
experienced during the year. 

ST. Kirrs. Tlie cotton worm did very little damage during the 
past season, although generally present. 

NEVJ8. Fairly prevalent during the early part of tli * season* 
but kept in check »»y poison. J'racttCally absent later in 
the season after the heavy rains. 

VIRGIN ISLANDS. Tlio cotton worm iisuaHy. appeal’s in thase 
islands late in the year, October, NovWnber. and no-jember. 
In 191H the cotton plants in practically all dwtriets were 
defoliated by the gale, and no cotton worms were observed 
or reported. 
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BOLL AND COBN BAB WORMS {Beliothis and iMphygmo). 

MONTSERRAT. Neither is regarded as a pest in the island. 

ANTIGUA. Fairly common. Little damage. 

NEVIS. Not known to occur during the year. 

COTTON STAINERS (Dyadercus spp.). 

ST. VINCENT. D, delauneyiy lieth., was generally present, and 
severe attacks were expeiienoed, 

MONTSEBBAT. Did generally less damage than for many yeai*s, 

• but became prevalent in all districts at the close of the 
year, by which time most of the cotton had been picked. 
The amount of stained cotton in the crop will be small, 
i^dvautage of collecting stainers in early part of the season 
has been further demonstrated. Certain districts became 
infested earlier in the season than others. 

ANTIGUA. Severe attacks experienced towards end of season in 
one district. This insect probably does more damage than 
is realized locally. 

ST. KITTS. Cotton stainers were found where cotton was kept 
out of season, but little damage is experienced in felt. Kitts 
from this nest, owing to the fact that the cotton matures 
early, ana the plants are buried under early for the 
planting of the canes. 

NEVIS. Very prevalent during the season from September 
onwards. 

VlHGlN ISLANDS. Observed attacking Thenpenia popidnech but 
no damage reported to cotton. The numbers appeared to 
be less than in previous years. 

BLACK SCALE (Saimetia niyta^ Nietii.). 

WHITE SCALE (Heniichionaapia minor, Mask.). 

GRENADA. A white scale on the stems of cotton is generally 
distributed in Carriaoou. 

sr. VINCENT. Black scale. Generally present. 

MONTSERRAT. More black scale than usual present on plants 
at the close of the season. White scale is scarcely ever 
seen on cotton plants, and neither insect is regaixled as 
a peat. 

ANTIGUA. Both scales observed, but not particiilaily numerous. 

NEVIS. Black scale. Observed in a few places, but not to any 
great extent. 

White scale. Observed on old cotton, but not doing any 
damage. 

FLOWER-BUD MAGGOT (Coutarinia goasypit, Felt.). 

VIRGIN ISLANDS. Observed only in the Virgin Islands where it 
is i^mrted from the Experiment Station. Present in 
considerable numbers. Probably responsible foy a'g6od 
deal of boll-dropping in the less sunny localities* 
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LKAF-BLISTBB MlTB {Eliojihyes fjossy^Hh Banks). 

Grenada. Generally distributed in Carriacou. 

ST. VINCENT. Generally present. 

MONTSERRAT. Did 110 seiious damage anywhere. Its oeeiirrenco 
is now as a rule quite sporadic, and it is not regaided a.s 
a serious pest. 

ANTIGUA. General, particularly on old cotton. 

ST. Kms. This pest always appears on the cotton plants when 
they are maturing, but is not feared, as the plants are 
turned in before any damage is done. The only risk is 
where young cotton is planted near older plants infested 
with the mite, but this rarely occurs in St. Kitts. 

NEVIS. Very prevalent this season, especially towards the (‘iid, 
due, it is considered, to the fact that the old cotton was 
left standing, and the preparation for the new planting 
was hurried. 

VIRGIN ISLANDS. Abundant in nearly all cultivations. 

MISCELLANEOUS INSECTS. 

ST. VINCENT. .An unknown species of thrips and a Cryptorhyic 
chus borer occurred in some districts. 

NEVIS. Laclmopus attacked yomig cotton at one estate in July 
and August doing a coiiHiderablo amount of damage. 

VIRGIN ISLANDS. Apliis was present in some localities. 

Cacao. 

TitBIPs {Hclioflirip.s rubrocinctus, Giard.). 

GRENADA. Generally distributed, and severe in some localities. 

»T. VINCENT. Generally present, locally severe. 

ST. LUCIA. A few slight cases noticed, but no serious injury 
reported exce[jt in the lloseau valley. 

DOMINICA. No serious outbreak of lln j])s w.as broiiglil to the notice 
of the Deparlmeut during the year, and none was obvserved 
whilst travelling. It is not dillicult to find speuinieiis of 
this insect in most localities when*, cacao is grown. 

In Grenada thrips was Jeporled in yepteinber tube sev(‘n} 
in places, but general distriluilion normal. In October it 
was still severe locally, while in November, although preva- 
lent on some estates, it had decreased after heavy rains. 
In December it was stated to be going oU, and tlie trees 
were recovering. 

BEETLE (Stbiraatoma depreasam, L.). 

GRENADA. Locally severe. 

SCALE INSECTS AND MEALY-BUGS. 

GRENADA, liocorded during the year. 
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MISCBLLANEOTJS INSECTS. 

GRENADA. Acrobat ant {Cremaatogaster Bp.) generally distri- 
buted. 

White ant. Of doubtful occurrence. 

DOMINICA. The serious outbreak of root grubs which occurred in 
one of the cacao plots at the Botanic Gardens in 1914, and 
which at the time was treated with carbon bisulphide, has 
not reappeared. The plot is slowly recovering from the 
bad effects of the attack. 

Limes and other Citrus. 

SCALE INSECTS. 

GRENADA. The purple, green, snow, and West Indian red scales 
were generally distributed. The green scale occurred on 
young trees, and the snow scale was severe in drier locali- 
ties of Grenada, and particularly bad in Carriacou. 

feT. LUCIA. Generally present throughout the island, but, on the 
whole, thei'e have been few severe attacks. Under normal 
conditions the parasitic fungi keep the scales under control, 
but where the trees are neglected, or planted in unfavour- 
able conditions, attacks by scale insects are severe. 

DOMINICA. The island as a whole — and especially old-established 
cultivations— continues free from attacks of scale insecls. 
young trees, three to Hve years old, are not as fortunate, 
and are often infested with scales to such an extent that 
the tops are seriously injured. (Generally they shoot out 
again from the stumps, and in time gradually re-establish 
themselves. 

MONTSERRAT. Serious attacks of Lantana bug at leeward dis- 
trict from April to June, followed later by much, black 
blight. Near the close of the year there was a perceptible 
development of purple scale, and the usual dying of branch- 
es on certain areas in the same district. 

ANTIGUA. General on lime trees, but perhaps less common than 
in previous years. 

NEVlwS. The purple and green .scales were observed on Huk h 
throughout the island, and in the dry (listricts have been 
mainly responsible for the death of a fair number of lime 
plants. 

VIRGIN ISLANDS. No observations made. 

BARK BORER {Lepto^tylns praemormiH, Fabr.). 

BT. LUCIA. Heveral severe ca.sos have been recorded during the 
year, and in e.aeli case the owner’s allention has been called 
to it. Gn one very large estate €»very ti*ee examined showed 
the effects of this pest, and it must he i-eganled as the must 
serious pest to the lime cultivation in the island at presentf. 
Bad pruning and general iioglect have, exposed the trees to 
attack in every case examined. 

DOMINICA. Not a serious jjest during the ye.ar. 

MONTSERRAT. Always more or less present on lime ti’ees. 
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TWIG BORBR (Elaphidion mite). 

This insect has nut been observed in any of the islands during 
the year. 

root borer (aiUBS {Diaprepeti and Exophthahnns), 

GRENADA. l)iapre{)es damaging twigs where canes are planted 
between limes. 

sT. LUCIA. No Diaprepes found t»r recoi’ded although a searctli 
was made foi* these on several occasions. 

liOMJNiCA. These do more damage* to young trees in the island than 
is commonly realized by planters. Not particularly 
serious during the year 

Iil02<iTS]£RRAT. The adults ol Kxophthalmus are most conspicuous 
on young trees, but have not been more prevalent than 
usual. In established Helds the insects themselves, or the 
damage they do, ore rarely noticeable, though the damage 
to roots seems universal. 

Collections of these weevils were made every montli from 
April to December 1910, a total of about 7,800 being taken 
in that period on an acre experiment plot at Belle. 

ANTIGUA. Locally severe. 

About 70,000 adidts of Exophthalnuis were caught and 
destroyed on one estate during the early part of the year. 

NEVIS. Not observed. 

VIRGIN ISLANDS. Adults of Diaprepes wei‘(‘ serious [)ests in 
young lime plants in some locjalities, the beetles eating the 
edges of the young leaves. 

MISCELLANEOITP INSECTS. 

ST. LUCIA. Mole (U-ickets caused severe los.ses to lime seedlings 
in some localities. 

MONTSERRAT. Larvae of bagworm damaged navel orange at 
Grove Station. 


Sweet Potatoes. 

SCARABEE (Enxvepe^i Oatatae, Waterhouse). 

ST. VINCENT. Generally distributed. 

ST. LUCIA. Neitiier retMu ted nor observed. 

MONTSERRAT. Not purticMilarly prevalent during the year, but no 
definite observations. 

ANTIGUA. Common in peasant holdings. Sweet p<>taioes grown 
on estates are generally free from this pest. 

ST. KllTS. No record during the year. 

NEVIS. Occurred in different parts of the island, but not to any 
great extent. 
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CATBRPILLAHS (Protoparce cingulata, and others). 

ST, LUCIA. A few cases observed. 

MONTSBBBAT. The only caterpillar noticed as damaging the 
leaves of sweet potatoes is that of the moth, Sylepta 
helcitalis, 

ANTIGUA. Several mild attacks experienced. 

N E VIS. N one observed. 

VIRGIN ISLANDS. No o])servations made. 

THRIPS. 

GRENADA. Of doubtful occairrence. 

Tlirips was not observed in any of the other islands. 

RED SPIDER {Tetrcmychus telatius^ L.)* 

GRENADA. Generally distributed. 

ST. VINCENT, (jlenerally present. 

ST, LUCIA. A few cases noticed. 

Not noticed in the other islands. 

MIS( ELLANEOUS INSECTS. 

caiENADA. Slugs (yeronirella occidentali^) were prevalent in 
some districts of Grenada and Carriacou. The attacks 
observed seem to occur suddenly, aud are generally of short 
duration. 

Indian Corn. % 

CATERPILLARS {Heliothih armiyer, Laphyyma fruyipmla^ 

and others). 

GRENADA. Generally distributed, U. armiyer, 

ST. VINCENT. Generally present, locally severe, H, (n miyer and 
y>. fnujiperda, 

ST. LUCIA. Generally present, H. armiger, 

MONTSERRAT. Considerable damage i.s done to' eacli ci*op 

caterpillars that tunnel into the steins of the young corn, 
but. no definite ob.serv’ations have been made to determim* 
what species this is. L, fnigiperdah^ generally pre.sent on 
the young corn, but seldom does serious damage. 

ANTKiUA. Invariably present and very troublesome, H. armiger. 

ST. K11TS. II. armiger lias been very prevalent and s<^vere in 
some localities. Remedies have been applied such as dust- 
ing with earth, aud putting a small tjuantity of Paris 
green and corn meal in the heart of tlie plants. 

NEVIS. H. armiger observed in every field of corn throughout 
the island. 

HARD BACK GRUBS (Lachnostema spp.). 

ST« LUCIA. Plentiful, but no damage observed or recorded. 



ANTIGUA. Grubs of Larhnofiferua sp. ooinmon in fields sihi.ate in 
centra] part of island. Kesponsibk* for a considerable 
amount of dainMi^(‘. 

MISC'KLUANKOlls TS. 

GRENADA. Di^tracd sncrlHti'fdis in^viivivt] locally in ( Irtaiada, and 
Carriacton, 

ST. VINI'ENT. Mole crickets were ^'(‘iior.ally prc'sonl a,nd looally 
severe in the island. 

HARD BAC!rv GRUBS. {Lachnmternu sp[).). 

ST. LUCIA. Plentiful but no damage observed or re(*ord(‘d. 

ANTIGUA. Grubs of Lrtc/nio.sier)n/ sp. coniinon in fields situated 
in central part of island. l{(‘sponsil)le for a considerable 
amount of damai^e. 

MISCELLANEOUS INSKlTS. 

GRENADA. Diafraea s((ccharciliH occurred IocmiIIv in Grenada and 
Carriacou. 

ST. VINCENT. Mole crickets were generally present and locally 
severe. 

MONTSERRAT, (''orn leaf hopper nKddis) was severe' 

in one loeality late in the year. This ins('e|, lias iioi 
been rc'oorded fioni Montserrat befori'. 

COCO-M TS. 

WEEVIL (Iiht/)irhftplionts judinarKm, L.). 

GRENADA. Reported from one pl.antation of yonn^ trees. Grii-i^o*n 
palms adj.‘icen\ 

WHITE KLV (AIcnrodirtis roro/s, Giirtis). 

GRENADA. Generally distributed in (kenada, locally severe in 
Carriacou. 

ST. viN(;ent. Generally present. 

.ST. LUCTA. Common throughout all groves in the island when 
che palms are young, but usually di.sappears when t lie 
liead of the palm gets up into tlie wind. 

DOMINICA. Generally distributed, but no serious out break w.as 
reported or observed during the year. 

SCALE INSECTS (.4 deslrticfor, Sign., and otlier.s). 

GRENADA. Generally present, locally .sevens At Mmaie Rouge 
cutting oft* the M'^onst infested leaves and then spraying 
the trees has given good results. 

ST. VINCENT. Generally distributed, locally severe. 

ST. LUCIA. Common throughout the island, but no serious injury 
recorded. 

DOMINICA. Generally present, but no serious attack reported or 
observed. 
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ANTIGUA. Fairly common, but does little or no damage, 

NR VIS. Observed on some plantations, but chiefly on old fronds 
and not doing much damage. 

VIRGIN ISLANDS. Fre(juently occurs on young palms, severe in 
some localities. 


Ground Nuts. 

PLANT nUGS. 

ST. VINCENT. Edesm meditalnindat Fabr., generally present, 
locally severe. 

MEALY-BUGS. 

ST. LUCIA. Found in experiment plots. 

LKAF-KATING CATERPILLARS. 

MONTSERRAT. Slight attacks of the woolly pyrol moth (Anti 
caraia gemmatilia, TTulmer) were noticed on estate fields. 

Onions. 

CATERPILLARS. 

MONTSERRAT. Each year larvae of Prodenia sp. have to be persis- 
tently collected on seed beds. If this is not done tJioy 
are capable of destroying the whole of the seedlings. 

ANTIGUA. Generally distributed. 

NEVIS. Occurred to a fair e.xteiit in nursery beds, and in some 
places did a fair amount of damage. 

VIUCllN ISLANDS. Cut worms (Prodenia sp.) attacked onions 
Larvae of DHophonota ello were also taken from oniDii 
beds 


THRIPS (ThripH iahaci^ Lind,). 

MONTSERRAT. N.)t as prevalent as usual. 

ANTIGUA. Several attacks experienced during February and 
March. 

NEVIS. Occurred in plot at Experiment Station and other places, 
but not doing much damage as the crop was almost 
matured at the time of the attack, 

VIRGIN ISLANDS. Troublesome as the dry season approached. 

MlSCELLANEfiUS INSECTS. 

ANTIGUA. Grubs of Lachno'iternu sp. attacked onions in nnrsorv 
beds in September, and in fields in November. 

NEVI.S. Grubs were observed attacking young bulbs, but not in 
large numbers. 

Yams, 

SCALE INSECT (Aspidiotm hartii Ckll.), 

ANTIGUA. Common, but does little or no damage. 
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ST. KITTS. This iusecth eau umsxWy hp seen on all slorerl rains 
hut seems to do little damage. 

GkKKN DiIH.sSINGs. 

LKAF EATING I'/n'EnpjLEARH. 

GRENADA. Hoi\se hean.s at t aekod hy Anticarfda f/emmatilia in 
some loealitiea. 

ST.Vlvi^RNT. The larvae of a small moth (Hal/ovia cii^tipennh) 
wei‘e prevalent on beans and peas, eansing damage in 
some oases, 

ST. LUDIA. Slight attacks recorded. 

MONTSERRAT. Sections of fields of Bengal beans were destroyed 
by the larvae of the woolly pyrol moth late in the year, 
.Attacks had been noticed much earlier, but severt* 
damage was not done until the time mentioned. Cater- 
pillars are not destructive to any other form of green 
dressing. 

ANTIGUA. No severe attacks experienced during the year. 

ST KITTS. Generally distrihiited. 

NEVIS. Not observed. 

.MISCKLLANEOnS INSECTS AND PESTS NOT 
OTHERWISE PROVIDED FOR. 

ST. LUCUA. Stem maggot in mahogany sJiools and white (x‘dar 
trees. Slugs or ‘ Leather Jackets’ {Veronirelln orriiUn 
tallfi) were very troublesome in vegetable gardens 
tliroughout the island 

DOMINICA. The plantain weevil (Cos wo politer sorriidus), and the 
slugs [ K occidentnlis) arc two pests (jommoiily distributed, 
which do a very considerable amount of damage, 
especially to peasants' gardens. 

VIRGIN ISLANDS. The longicorn beetle (Bntorer^i rufws) appear® 
to be spreading rapidly, and is attacking trees and 
plants with milk}'^ juices. It also attacks the hog plum 
iSpondias lutea). 

Natural P]nemies oe Injurious Insects. 

PARASITIC AND PREDACEOUS. 

GRENADA. Parasitised eggs c»f Diatraea mcchnralis observed on 
corn plants, 

ST. LU(TA. PoUhUs crinitust and P, ummlarift worked well in 
keeping in check the caterpillars on green dressing 
crops. Domestic ducks kept down ‘ leather jackets 
(F. occidentalis] in gardens. 

The following biitls have been observed daily feeding 
at Reunion on mole crickets ; Crotophaga ani, Quiscnlun 
injlexirostris, Tyrannua roatmtua^ Falco caribbearvm, 
and the Caille. The latter hunts and digs for the mole 
cricket, 

ANTIGUA. Red-headed, white, and shield-scale fungi fairly 
common during or soon after a wet period. 
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ST. KITTS. The local Jack Spaniard (Polistes crimtuB) has been 
very prevalent, and is of great assistance in keeping Hiq 
( iotton worm in check. 

NE)Vf.'=?. Tlie parasite (Chalcis sp.) of the cotton worm was 
observed in many (ield.s towards the end of the season, 

VIRGIN isLANDsS. CephaloHporium lecanii is known to be present 
as a parasite on scale insects at the Experiment Station. 


DISEASES OF ECONOMIC PLANTS. 

J3YWM. l^OWBLL, D.I C., 

Mycologist on the staff of the Imperial Department of 
Agriculture for the West Indies. 

SXTGAR-CANE. 

ROOT ZISHIASE (Marasmiiis SacrJinri, Wakkcr, and 
allied species). 

ST. LUCIA. Local attacks : not severe. 

ANTIGUA. Found throughout the island. Severe attacks in 
a few fields. 

ST. KITTS. This disease has not been very apparent owing to 
the good season ; on one or two estates in a few fields 
there has been some damage done. 

NKVIS. Occurred in nearly every field in the island ; the effect 
was more marked during the dry period. 

VIRGIN ISLANDS. Tliis disease is probably present in many of 
the neglected cane plots. 

RIND FUNGUS {Melanconium Sacchari, Massee). 

ST. LUCIA. A few slight cases observed. 

ANTIGUA. Fairly common. 

General IIbmarkb. 

ST.KITTS. The fields were particularly free from fungoid diseases. 

the canes being as a rule vigorous and healthy and 
giving good returns. 

CoiTON. 

WEST INDIAN LEAF MILDEW. 

ST. VINCENT, Generally present but not severe. 

MONTSERRAT. Not more prevalent than usual. 

ANTIGUA. Abundant towards the end of the season. 

ST. KITTS. Owing to the heavy rains there was an increase in 
this disease. 

NEVIS. -Fairly widely prevalent during the wetter part of the 
season. 





BACTERIAL ROLL DISEASE. ‘ 

ST. VINCENT. Caiifleft heavy losses during rainy w^afhor. 

MONTSERRAT. Very little in evidence during the yeer. 

fT. KITTS There was a great deal of this disease during .the 
season, particular!}^ in tlie northern district. 

NBVia. ^JSTot observed to occur to any great extent, 

ANGULAR LEAP-SPOT. 

Usually prevalent by the time the plants are inatuie. 

BLACK ARM. 

Accompanies the two previous diseases hut is not much 
uoticed. 

INTERNAL BOLL DISEASE. 

ST. VINCENT. The cause of very heavy losses when the idant s 
bcKjame infested with cotton stainers. 

MONTvSERRAT. Prevalent as usual when cotton stainers infesteil 
tlie plants. 

ANTIGUA. Possibly may he more common than is realized at 
present. 

ST. KITTS. The disease has been found in some places hut has 
not caused much loss ; (iotton stainers have not been 
plentiful. 

NEVIS. Rather abundant during the latter part of the season 
OTBBR DISEASES OP COTTON. 

MONTSERRAT, The greatest loss of cotton occurred during the 
month of October as the result of an epidemic of the 
soft rot of bolls caused by Phytophthora sp. It is only 
in damp weather that this trouble develops. 

ST. KITTS. Owing to the very heavy rains the season was 
unfavourable to cotton, and as a general rule the yield 
was very low. The plants were very large and shedding 
occurred more than .usual The dry weather of 
December caused much improvement in some places. 

Cacao. 

ROOT DISEASE {Roaellinia Pepo, Pat.). 

GRENADA. Caused serious losses in some localities. 

ST. LUCIA. Generally distributed but under control. 

DOMINICA. No serious effort is made to cope with this disease 
on several estates where its presence is known to the 
owners. Under the ciroumstances the disease is gaining 
ground yearly. 

CANKER (Phytophthora Faberi, Maubl.). . 

GRENADA. General but not severe. 

ST. LUCIA. Generally distributed and should be regarded more 
seriously on some estates. . > 

POMINICA. Generally distributed. 
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BLiCK ROT OF POOR (Phytophthoru Faberi). 

GRENADA. Geueral but not severe. 

ST. LTJCIA. Generally present and severe in certain localities. 

DOMINICA, Generally distributed ; found on trees suffering from 
canker. 

BROWN ROT OFPOIKS (Laaiodiplodia Theohromae^ 

Griff, et Maubl), 

GRENADA. Generally distributed but not severe. 

ST. LUCIA. Generally distributed but no severe case reported 
by planters. Considerable losses often result from this 
disease which might in great measure be prevented if 
cacao husks were regularly buried instead of being 
scattered under the trees as is too commonly the 
practice. 

DOMINICA. Commonly met with but to no great extent. 

DIB-BACK AND STEM DISEASE (Laffiodiplodia Theobromae), 

GRENADA. Generally distributed but not severe. 

ST. TiUOIA. A fair amount was met with, especially in exposed 
situations. 

PINK DISEASE (Covticium Hulmonicolov^ B. et Br.). 

ST, LUCIA. None recorded or seen by any agricultural officer. In 
consequence of a statement as to its prevalence made at 
a meeting of the Legislative Council special enquiries 
were made with negative results. 

Limes and other Citrus Trees. 

BLACK root DISEASE (RoHelUnia Pepo, Pat., and 
7?. bunodes, Sacc.). 

DOMINICA, With the full information which is now within the 
reach of the planter relative to this disease steps are 
being taken to combat it in the majority of cases. The 
extra work involved in clearing up the damage to 
estates due to the hurricane will, it is feared, somewhat 
retard this action. 

RBD ROOT DISEASE (Spluierostilbe sp.). 

DOMINICA. An outbreak of this disease in a totally new district 
was reported during the year. It was associated with 
imperfect drainage. Vigorous steps are likely to be 
taken in this instance to deal with tne situation. 

UNIDBNTIFIBD ROOT OR COLLAR DISEASES. 

QRBNADA. Several trees on a heavily mulched experimental plot 
have died from a crown rot of which the specific cause 
has not as yet been determined. 

ST, LUCIA, Oumming of the collar has been noticed in the case 
. of ti^ in insufficiently drained fields, , 
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niE-BAOK. 

MONT6BHRAT. In one 6-acre field, kept partioularly under 
observation, where die-back had commenced previous 
to 1916, the decline has steadily continued during 1915 
and 1916, both years of ample rainfall. 

Coco-nuts. 

BUD ROT. 

QBBNADA. Suspected cases observed, 

ROOT DISEASE. 

GRENADA, Two or three cases of apparent root disease wei^i 
observed in young palms. 

Indian Corn. 

Kust is fairly general but no particular ill eflects are 
reported. Smut occurs sporadically but is not serious. 
The root diseases of this crop have not been worked out ; 
severe local damage from this cause is recorded from 
St. Vincent, and damage the extent of which is uncertain 
from Antigua and St, Kitts. 

seedling diseases. 

GRENADA. Tliere was the usual damning off of seedlings at t he 
Botanic Gardens in wet weather. 

ST, LUCIA. Losses from damping- off were very severe throtigh 
out the year. 

DOMINICA. No difficulty was found in controlling the damping- 
off of seedlings, which made an appearance in pracjtically 
every bed sown. As the seedlings appear above the 
ground they are dusted with a mixture of sulphur and 
lime, and the treatment is repeated if necessary. 

MONTSERRAT. Both the usual damping off and a new Phytopli- 
thora disease of seedlings were prevalent lat-e in 1916. 

Ground Nuts, 

LEAF RUST (Uvedo arachidi% Lagh.). 

ST. VINCENT. Generally present and severe^ in places. 

ST. LUCUA. Slight attacks. 

MONTSERRAT. Markedly severe in 1916, and at the Experiment 
Station not so well controlled by Bordeaux as in the 
two preceding years The quality of tlie produce was 
adversely affected in some cases. 

Onions. 

BACTERIAL ROT. 

ST. LUCIA. Slight attacks. 

NEVIS. Occurred in nearly every plot, but more serious in damp 
localities. 

VIRGIN ISLANDS. Caused some loss during the season, but did 
act appear to be severe. 



GENERAL REMARKS. 

MONTSERRAT. ' On many areas planted in September , ..and 
October tliere was a partial failure due to an inability 
• • * of the plan t-a to form bulbs, for whidi no reason was 

apparent. QTbere was too much rain, in the months of 
October and November and too little in December. 

Fungi Pakasitjc on Insects. 

ON SC.ALE INSECTS. 

GRENADA. The common species occurred as usual. 

ST-, LUCIA. , The usual fungus parasites on scale insects., were, 
very active thr(jught)ut the year, which was favourable 
to their development. 

DOMINICA. The activity of these fungi bas a great influence in 
, . maintaining the healthy condition of established lime 
fields. 

MONTSERRAT. All undescribod species of Empusa was met with 
on green scale. 

ANTIGUA. Parasitic fungi were fairly common during or after 
a wet period. 


ON OTHER INSECTS. 

({REN AD \. The green muscardine {Metarrhizim)} aninopliae) was 
recorded on froghopper, and S'poroirichxi'in globuliferum. 
(Ui cacao fhrips. 

ST. VINCENT. A species of Jsaria w.as found on a mole-cricket. 
Phanerogamic Parasites. 

LOVE VINE. 

GRENADA. What appears to be a fungus disease of love vino 
is fairly common and seems to efleot a useful measure 
of control. 

ST. VINCENT. Cuscuta and Cassytha are abundant on hedges and 
wayside plants. 

ST. LUCIA. Generally present on wild bnslies and occurs on 
Hibiscus in some gardens. 

DOMINICA, More generally distributed than it was at one . time 
thought to be. No steps have been taken to control 
^ this serious pest in a methodical maimer. 

ANTIGUA. Increasing in one locality. 

ST, KITTS. Increasing, especially in certain districts, but does 
not afifect flelcl crops. 

NEVIS. Occurred to a considerable extent on hedges in some 
parts of the island. 

VIRGIN ISLANDS. Very abundant after the cyclone. Probably 
' the heavy rains of October and November favoured its 

development, • . . r ‘ ' 



•327 


MISTI^ITTM. 

GBBNADA. Generally distributed but not abundant. 

ST. LUCIA. Quite a serious pest on some lime estates. 

DOMINICA. Generally prevalent. In tlie early part ot‘ the year 
more attention was ^ivon to this pest t lian has been the 
ease tor several stnisojis. What is retpiired is eontinued 
effort over a uumhe'* of years. 

VIRGIN ISLANDS. Prevahait during the y(?ar, a ravourite host 
plant being lh<* avocado pear tree. 

Remarks on anv other Plant Diseases. 

DOMINICA. RoHelliniti sp. was recorded attacking Pai*a rubber 
and Gliricidia. 

MONTSERRAT. All experimental plot ol‘ Hawaiian [lapavvs Avas 
destroyed by a stem disease. The local tyix* prova^l nUich 
more n'sistanl. 


SUMMARY ()¥ DI8TRIBUTTON. 

The following (able is intended to show th ‘ status ami 
distribution of I, he insects, fungi, and vegetable parasites 
attacking the principal crops, ft lias betai drawn n]i from lh(' 
information availalile at the Head ot tli^e Departnnait, acd 

has not been re-sul)mit ted 1 o 1 1ll'- ollicers in the x arions islaicis. 
While not (^aiming lo lx* »-\act,it may lie taken as alfording a 
fair summary of 1/lie position during the year in <jue.stiou, . 

EXm.AXATIuN OF SIGNS USED. 

g 'generally distrilmted. 

(t ^^geiierall}^ distrilmted, s(‘vere. 

1 -lo(*al. 

L -docally sever<\ ' . 

gL ^ Generally distrilmted, Io( ally severe. • * '“ 

V recorded present. 

? ~ doubtful uccurrenee. . , : 

' — - not known to oe«mr in the island. 

o - no roc<)rd during the year. ‘ . 

A blank agaiiisl the pests or dise;is(?s of any particular crop 
means I ba t the crop is not grown ill .all or is not impor- 
tant in tliat island. 
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IN8BC3T PBST8. 


Cacao. 

Thripa 

Beetle ••• 

Scale Insects and Mealy-Bugs.. 
Termites .•• 

Boot Grubs 

Acrobat Ant 

Coco-nuts. 

Weevil 

White Fly 

Scale Insects 
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Corn (Indian). 

Corn Ear Worm and Boll Worm{ g I gL! 

Hard Back Grubs j V ' ” 

Moth Borer ] 

Mole Cricket 

Corn Leaf Hopper 

Cotton. 

Cotton Worm ... _ • „ • 

Boll Worm and Corn Ear Worm 
Cotton Stainers ... 

Scale Insects 

Flower-bud Maggot 
Leaf-blister Mite... 

Lachnopus 

Aphis ... 

Gryptorhyuchus Borer 
'Thnps 

Grbbn Drbssinss. 

Leaf-eating Caterpillars 

Ground Nuts. 

Green Bug 

Mealy-Bug •.• 

Leaf-eating Caterpillars 
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INSECT l?E8TS.--(Concluded,) 


Limbs and othbr Citrus Trbbsi 

Scale Insects 

Bark Borer 

Twig Borer 

Root Borer Grubs (Diaprepea 

^ spp.) 

Bagworm ... 

Diaprepes spp. (Adults) ... 

Mole- Cricket 

Onions. 

Caterpillars 

Thrips 

Laclinostcrna grubs 
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SuCfAR-OANK. 

Moth Borer 

Weevil Borer 

Root Borers {Diaprepeti spp.) 

Cane Fly 

Termites 

Hard Back Grubs {Lachnoi^terna)\ 

Froghopper 

Grasshoppers 

Mealy-Bug 

SwERT Potatoes. 

Caterpillars 

Scaraoee 

Thrips 

Red Spider 

Slugs ... 

Sylepta helcitalis 
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DlSEASES.^ 


Cacao. 

Boot Disease 

Canker 

Black Pod Rot 

Brown Pod Rot 

Die-baek and Stem Disease 

Pink Disease 

.Thread Bli^t 

Horse* hair Blight 

C0C0*NUT8. 

Root Disease 

Bud Rot 

Leap DiseasH 

Cohn (Indian). 

Rust 

Smiit 

Root Disease 

Cotton, 

Antbracnose 

West Indian Leaf JMildew 
Bacterial Boll Disease ... 
Angular Leaf Spot 

Black Arm 

Internal Boll Disease ... 
Loggerhead Disease 
Curly “leaf Disease 
Phytoplithora Soft Rot 

Ground Nuts. 

Root Disease 

lioaf Rust... •«. • 

Leaf Spot 

Guinea Corn and Imphbb. 

Busts 

Smut 

Boot Disease 




DISEASES.- (ConcludecU) 


LiMR3 AND OTHBB CiTRUSTrrBS. 

Black Root Disease 
Red Root Disease 
Pink Disease 

Onions. 

Bacterial Rot 

SUGAR-CANK. 

Root Disease 

Rind Fungus 

Red Rot ... 

Pine-apple Disease 

SWEB'r POTATOKS. 

Root Disease 
White Rust 

Yams. 

Tuber Disease 
Wilt Disease 

PHANEROGAMIC PARASITES. 

Love Vine ... 

Mistletoe ... 
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THE LIMINa OF SOILS. 

By SIR FRANCIS WATTS, K.C.M.G., D.Sc., F.LC., F.O S., 
Imperial Commissioner of Agriculture for the West Indies. 

The use of lime as a means of ameliorating the condition of 
soil is well known, and one which is practised in a somewhat 
intermittent manner by West Indian planters. Interest has 
recently been aroused in this matter amongst local agricultural 
officers by the appearance of an important paper, entitled 
‘Studies on the Lime Requirements of certain Soil8\ by Messrs. 
H. B. Hutchinson and K. MacLennan, in the /owma? 0 / Ar/W- 
cidtuval Science (Vol. VII, p. 75, March 1915), in which two 
methods of investigation or ana^sis are described : (a) for 
determining the amount of lime (CaO) necessary to induce partial 
sterilization, and (b) for determining the amount of lime (CaO) or 
chalk (CaCOo) required for soil neutralization. The former of 
these methods has been discussed by Dr. H. A. Tempany in 
a recent issue of this Journal (Vol. XVI, p. 145), to which 
reference may be made. The latter process consists in ascertain- 
ing how much bicarbonate of lime is neutralized by a known 
weight of soil, the amount so found being regarded as the 
quantity necessary to neutralize the soil acidity. 

The method, which is simple, is thus described by the authors. 
For a determination of acidity, or lime requirement, 10-20 grams 
of the soil are placed in a bottle of o00-l,000 c.c. capacity, 
together with 2()O-300 c.c. of approximately N/50 solution of 
calcium bicarbonate, hnd the air in the bottle is displaced by 
a current of carbon dioxide in order to insure against possible 
precipitation of the calcium carbonate during the period of 
determination. The bottle is then placed in a shaking machine 
for three hours (occasional shaking by hand at intervals of twenty 
minutes gives identical results) after which time it is opened, the 
liquid is filtered, and a portion of the filtrate eqpal to half the 
original amount of the bicarbonate solution is titrated with N/IO 
acid, using methyl orange as an indicator. The difference between 
this final titration and that of the initial solution represents the 
amount of calcium carbonate absorbed, each cubic centimetre of 
N/10 acid being equal to 5 milligrammes of calcium carbonate. 

This method is attractive in that it imitates somewhat 
closely what may be regarded as the process that may be expect- 
ed to take place in the field when dressings of lime or of 
calcium carbonate are applied to the land. 

Hutchinson and MacLennan I’ecognized that the strength of 
the bicarbonate solution regulates the amount of absorption 
with any given soil, and it appeal’s important that, for the 
reaction to approach completion within the prescribed period, 
the concentration of the initial solution should not be much 
below N/50 strength. Other workers have shown that the 
amount of bicarbonate absorbed varie.s with the amount of 
reacting base in contact with the soil ; it is U3j3^s^ry, th3refore. 
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in order to obtain comparable results, to adhere to an arbitrary 
method of procedure, which should be stated when results are 
reported, L. P, Howard, who has investigated this aspect of 
the question, states (Journal of the Association of Official 
Agricultural Chemists, Y o\. Ill, p. 144) that he believes it to be 
doubtful whether an absolute method can be evolved based on 
the principle of allowing a certain indefinite amount of reacting 
base to be in contact with the soil at the end of the reaction, 
and that he is investigating in order to ascertain whether a 
workable method can be devised, so that at the end of the 
reaction no excess of base remains in contact with tlie soil. 

It may be well to mention a process which is much used, 
particularly in America, for determining soil acidity. This is 
the Veitch method, which is thus described by Hutchinson and 
MacJ^ennan. Three lots of soil, each of 10 grams, are weighed 
into platinum basins, and about 50 e.c. of water added ; three 
different volumes, say, 10, 20, and 30 c.c. of standard calcium 
hydroxide solution are added, and the basins are [)laced imme- 
diately on a water bath and their contents evaporated to dryness. 
With the aid of 100 c.c. of distilled water the soils are then 
transferred to Jena glass Masks, and allowed to stand overnight ; 
the reaction of about 50 c.c. of the filtered liquid is testea by 
boiling phenolphthalein, the volume being reduced ly boiling, if 
necessary, to 5 e.c. The three (juantities of lime-water taken 
will generally suffice for orientation— one of the quantities being 
too small and the others too large for exact neutralization, or 
vice versa. Within the limits thus set 1)3' the trial determina- 
tion other tests are made ; where the amounts of lime-water vary 
by no more than 2 c.c., the appropriate reipiirement may thus be 
obtained. In order to obtain concordant results strict adherence 
to prescribed directions is essential. 

With careful observation of the necessarv restrictions, 
Hutchinson and MacLennan obtained moderately close agreement 
between the results of their method and those of the Veitch 
method. It may be pointed out, however, that other workers 
have found want of agreement between llie methods, possibly on 
account of neglect to observe strictly the prescribed conditions. 

The simplicity and apparent rationality of tlie Hutchinsun- 
MacLennan method commend it for use iu West Indian labora 
lories, and it is piobable that the reactions of soils will be some- 
’wbat widel}' ascertained by this method in the near future. 

Some results have already been reported. Mr. It. E. Kfilsick 
has determined the reactions of some of the soils of St. Kitts, 
with the results given in the following table. 

It will be iioUkI that in three cases out of twelve, namely 
Nos. 1, 6, and 7, no lime is required to neutralize these boih\ In 
the case of No. 4 crops are reported to grow well, but only 
moderately in the case of Nos, fi and 7. One of these soils 
contained *136 per cent, of carbonate of lime, the other two *056 
and *060 per cent., respectively. In all the instances the amount 
of carbonate of lime, calculated from the evolved carbon 
dioxide, is very small. 





Number. 

CaC03 
present in 
100 of soil. 

CaCO^ 
requirement^ 
H. & MacL. 
method, on 
100 soil. 

BqniTalent 
ft.CaCO, 
required per 
acre ot 
3,000,000 ft. 

Condition of 
sugar-cane 
crop. 

1 

•028 

•060 

1,800 

Fair condition 

2 

•076 

•020 

600 

*» 

3 

•064 

•040 

1,200 

If 

4 

•136 

nil 

nil 

Crops do very 
well. 

5 

■ *044 

•020 

600 

Very poor, 
improved by 
liming. 

6 

•056 

nil 

nil 

Moderate. 

7 

•060 

»» 

»» 

>» 

8 

nU 

•150 

4,500 

Very poor. 

9 

•008 

•006 

2,880 

»» 

10 

nil 

•212 

6,360 

'» »» 

11 

•060 

•019 

570 

Fair con lition, 

12 

•076 

•018 

540 

»» 

13 

•? 

* 1 

•060 

1,800 

Very poor. 

14 1 

? 

•088 

2,640 

ft 


The principal crop grown upon these soils is siagar'Caiit*. 
In one instance, No, 4, the crop is said to grow well ; in Kve 
instances, Nos. I, 2, 3, 11 and 12, tiie crops produced are reported 
as lair ; in two instances as inodei'ate ; and in four, as poor. The 
evidence as to the relationship between the lime requirement as 
determined by the Hutchinson- MacLennan method and the 
growth of the crop of sugar-canes is, so far. quite incomplete, 
and M nch more work is needed before any sound conclusions 
can be drawn. Moreover, there may be a suspicion that in the 
investigation as conducted so far in St. Kitts, there has been a 
tendency to examine areas producing but moderate crops or poor 
ones ; there is only one instance investigated where good ci-ops 
a re reported to be grown. 

Information relating to a further series of right determi- 
nation has been received since the foregoing was written ; the 
data are as follows : — 


Number. 

CaOO„ 

CaOe, 

requirement. 

Equivalent 
ft. CaCO..j 

CaCO* 

present in 100 
of soil. 

H. & MaoL. 
method. 

requu-ed per acre 
of 3,000,000 ft. 

15 

nil 

100 of soil. 

0116 

, .3,480 

16 

0-023 

0 096 

2,880 ' 

17 

0-033 

0-080 

2,400 

18 

0-040 

0-180 

5,400 

19 

O-OSO 

0180 

5,400 

20 

0-020 

0120 

3,600 

21 

0-009 

0*093 

2,790 

22 

0-287 

1 oil 

uU 
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Samples 15 to 2] were taken from different fields on a large 
sugar plantation 

Sample 22 was taken from the Botanio Station. 

A limited hut interesting amount of work has been done 
along similar lines in D miiniea by Mr. G. A. Jones, Assistant 
Curator and A ssistant Chemist in the Agricultural Department 
of that rresidency : his results are as follows : — 


Locality. 

CaCO, 

recpiiro- 

ment 

H.& MacL 
method 
of 100 
soil. 

E(jui valent 
U). 

CaCO, 
recj aired 
per acre of 
.3,000,000 tt). 

1 Cacao Expt 

•037 

1,110 

Statioii 



o 

•• •» n 

•02.5 

750 

3 Lime Expt. 

•175 

5, -250 

Station 



1 fiasoyc 

08-2 

1,880 


1 

•015 

450 


•295 

! 

8,850 

7 

1 

•120 

.3,8(X) 

1 

8 Leeward 

1 

1,860 

Coast 

•0«2 j 


9 ‘ Interior * 

•792 

2:3.760 

10 

■ •TS? 

22,110 

11 

•5.55 

16,650' 

1 

i 

12 i 

•805 

18,150 


13 1 

•432 

13,050 


14 ; 

•419 i 

12.570 


15 ! 

•400 : 

12,000. 



Bemarks. 


Plot mulched with grass and 
leaves for seventeen j^ears. 

No manure applied for seven 
teen years. 

Soil containing 47 per cent, 
of silt and (day. 

Limes grown suc(?essfully for 
twenty years. 

Heavy soil, recently drained. 

Reclaimed swamp, surface soil 
well drained. Most luxuriant 
grow til of lime trees. 

Reclaimed swamp ; grew i\ 
heavy crop of siigar-oane in 
1915. 

Grew Well developed lime 
trees, recently infested with 
Sphaerostilbe root disease. 

Soil of unfelled forest, lying 
on sheet rook. 

Similar soil now in oultiv'a- 
tion ; poor growth of limes. 

Deep soils cleared from forest 
during last ten to fifteen years. 
'!^pical of a large area of 
‘ Interior * soils. Limes grown 
successfully, and, in the case 
of 14 and 15, most luxuriantly. 
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The smallest lime requirement, as indicated by the Hutchin- 
son-MacLennan method, is met with in the fioils of the cacao 
experiment plots at the Botanic Station, and it is curious to 
note that the plot which has received no manure for seventeen 
years has the smallest lime requirement. The area, No. 1, 
manured with grass and leaves, has pnxluced very good crops of 
cacao for a number of years past, notwithstanding its apparent 
large lime requirement. 

The Lasoye district referred to is situated on the north-east 
coast ; it has long been cleared of forest, and much of it was 
formerly under cultivation in sugar-cane. 

It is instructive to note that good crops are produced on 
these soils. 

Perhaps the most interesting and instructive information is 
that furnished in connexion with the soils of the * Interior’, that 
is, of the central part of the island, which until recently was 
covered with forest, and which is being steadily cleared, chiefly 
for the cultivation of lime trees. 

The first two samples referred to in the table as coming from 
this district are of soil overlying sheet rock, one from the un- 
cleared forest, the other from an area planted with lime trees. 
In the latter instance it is reported that the growth is poor ; this, 
however, would appear to be due rather to the presence of the 
sheet rook than to soil acidity, particularly in view of the coiidi 
tions observed in other plots in this group. Cases Noe. 10, 11. 
12, 13, and 14 are of, much interest ; they indicate that linus will 
grow well on forest soils showing a high lime requirement. 

It is clear from the results put forward that in the case of 
limes growing upon soils recently cleared from forest, there is no 
connexion between the crop and the indicated lime requirement ; 
limes are growing luxuriantly and are bearing large crops on 
soils that are to be regarded as distinctly acid when judged by 
the Hutchinson- MacLennau method. 

It is to be regretted that no determinations were made in 
the course of this investigation in Dominica of the amount of 
carbonate in tliese soils : there is, however, some evidence on 
this point which may perhaps be cited. In an examination 
into the physical and chemical charactei’s of the soils of Dominica 
made in 1902,* the amounts of carbonate present in twenty-three 
samples taken from various parts of the island were determined. 
These soils were classified as having a ‘ high ’ carbonate content 
when the amount of carbon dioxide evolved was equivalent to *5 
per cent., ‘ medium * when it was equivalent to between '1 and 'o 
per cent., and ‘ low ’ when it fell below *1 per cent. There were 
five instances r^orted as ‘ low’, sixteen as ‘ medium’, and. only 
one as * high’. This latter was in the case of a sample taken 
from Middleham, a district then largely covered with forest. This 
soil contained 8*3 per cent, of carbon as organic matter, and no 
doubt would have shown a comparatively high acidity had it 
been examined by the Hutchinson-MacLennan method. Other 
samples taken in the * Interior ’ from Sylvania, Corona, and 

•Report ott the Plmical and diemioal Analyses of the Soils of Dominica, 
bytVancia Watts, 1908, 
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Riversdale gave indications of ‘400. *480 and ’181, respectively, 
and \yere classed as having ‘ medium * amounts, thougli in two of 
these instances the amounts were fairly large. It may be eon« 
eluded, therefore, that tliese forest soils showing a high lime 
requirement, contain appreciable quantities of carlionates. They 
are capable of producing good cn)ps t^f limes. 

Similarly, certain of the soils of Sr. Kitts show a large lime 
requirement by the IIutehinson-MacLennan method, yet they 
contain a certain amount of (carbonate, and also give fair (U’ops of 
sugar-cane and cotton. 

We are thus confronted with a (airious situation : the 
so-called acid soils contain carbonates, and neutralize or absorb 
further quantities of carbonate of lime. It would seem, tlierefore, 
either that the existing carbonate of tlie soil is protected from 
tlie soil acid, or that this acid is an extremely weak one, when it 
is difficult to understand its neutralizing the added carbonate ; or 
else the absorption of the added carbonate of lime is not due to 
soil acidity but to some other cause. 

The fact that the lime requirement of a soil, as determined by 
siicli methods as those of Hutchinson and McLennan or Veitch, 
shows considerable variation, according t-o the amount of 
lime added to a given <|uantity of soil in making the deter- 
mination, would lead one to suspect that the phenomenon is not 
simply one of neutralization, or if it is due to neutralization, then 
to the neutralization in certain cases of extremely weak acids, 
such as silicic acid and the alumino-silicates and similar bodies, 
the end point of whose iH^action with carbonate of lime or lime is 
not readily determined by means of phenol phthalein or methyl 
orange. 

This aspect of the c|uestion has been (‘xamined by Mr. (leorge 
J. Bouyoucos, and the results published in Technical Balletin, 
No. 27, of the Michigan Agricultural College Experiment Station, 
under the title : * The Freezing Point Meth»)d as a New Means of 
Determining the Nature of Acidity and Lime Requirement of 
Soils This investigator has employed the freezing point metliod 
of investigating the problem. He states : ‘ It was reasoned that if 
tlie soil contains a free soluble acid, this acid would possess 
a delioite freezing point depression at a c.ertain concentration. 
IJpon titrating this with a base, such as Ca(OH)o, a salt would 
he formed. This salt would jirobably possess a different freezing 
point depression from that of either of the reacting agents. The 
depre.ssion then should vary as more and more of the lime is added 
to the soil until tlie neutralization point is reached wliere tlic 
formation of the salt is completed, and then the direction of the 
depression should change. If, on the other hand, the soil does not 
contain a free soluble acid, but possesses an absorptive power for 
lime due to its unsaturated or unsatisfied silica compounds and 
organic matter, then the depression of the freezing poin^ of the 
sou should remain the same as more and moi-e lime is added, until 
tliese silicate compounds and organic matter are satisfied with the 
base, and then it should increase with further addition of 
Ca(OH) 2 . Finally, if the soil is alkaline or already saturated 
with bases, then the depression should begin to rise immediately 
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upon adding a small amount of Ca(OH)» to the soil. Happily, 
all these a priori predictions were actually and experimentally 
realized in soils exactly as they are described above.’ 

Space precludes an extensive discussion of this paper. The 
results put forward are very striking, and appear to advance 
considerably our knowledge of the important questions connected 
with the lime requirements of soils. It must suffice to say here, 
that the freezing point of a mixture of soil and water is deter- 
mined, and th<^n the freezing point of the same soil and water, 
after the addition of successive known quantities of Ca(OH).j in 
the form of lime-water. The depressions of the freezing point 
are then plotted as a curve. 

The results obtained show that three kinds of curve are 
met with ; in the first place, the acid curves in which the 
freezing point depression steadily increases as more and more lime 
is added, until a point is reached at which further additions of 
lime cause a diminution of the depression. The lime requirement 
of the soil is taken to be that which corresponds with the amount 
of lime added at the point where the depression is greatest. 

The next is the abno^ption curve. In this the depression of 
the freezing point remains the same with successive aaditions of 
lime, until at last a point is reached where the depression 
diminishes. The lime requirement of the soil is indicated by 
tihe point at which the further addition of lime causes a change 
in the direction of the curve ; that is to say, when the depre-«- 
sion of the freezing point diminishes. 

Finally, there is the alkalirie oi no-lime requirement 
In this instance the depression of the freezing point begins to 
diminish with the first addition of lime, and progressively 
diminishes as more is added. Soils exhibiting this form of curve 
require no lime. 

As the result of examining a large number of soils, Bouyoucos 
arrives at the conclusion that soils and soil constituents may be 
divided into two categories so far as their relation to lime is 
concerned, namely into mineral soils or mineral constituents, and 
peaty soils or peaty or organic constituents. He found that the 
mineral soils gave an absorption and not an acid curve, and that 
the peaty soils gave an acid curve, and he arrives at the following 
generalization: * The acidity or lime requirement of soils might 
be ascribed almost entirely to insoluble hydrated silicic acid, acid 
alumino-silicates, silica, and organic soluble substances in the case 
of the mineral soils, and to organic soluble acids and humus 
substances, and organic insoluble acids and humus substances in 
the case of peats ana mucks.’ 

In his general summary the following useful statement 
oocurs : ‘ Since no mineral soil out of a great number tested gave 
an acid curve, but only an absorption curve, and inasmuoh as the 
free acid and acid salt product in these ^ils when they were 
treated with neutral salts, or acid and acid salts, were carried 
away by washing, and the soils then gave an absorption curve, 
the oonolusiou seems to be that the presence of soluble acidi^ or 
acid sails in the mineral soils under favourable natural conditions 
is only temporary, if ever present, and never permanent. The 
amdity or lune requirement of soils, therefore, seems to be due 
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mainly to the insoluble acids of the soil, the silicic acid, silica, acid 
aliiminO’Silicates. and perliaps to the insoluble organic matter. 
There appears to be tlieii practically no active acidity in the 
mineral soils, but only negative. Exceptions to these general 
statements are probably very few. 

‘ In the peats and mucks, howovrer, the formation of organics 
acids is probably (]uite rapid, and consecpiently these soils, as 
indicated by the data, niay contain permanent) active acidity as 
well as permanent negative acidity.* 

ft is stated that the freezing point method usmdly indicates 
a much higher lime ro(|uirenient than the Veitch method. This 
investigator made no comparison wit h the Hutchinson-Ma(djennan 
methwh 

The author’s remarks as to the agricultural application of thi'i 
and other methods are worth (|Uoting. Ho says: • Wliile the 
freezing point method probably indicates the true lime re(|uire,- 
ments of soils, no claim is made that it is nermsary t-o add all 
that amount of lime to the soils ; this point will ultimately have 
to be decided in the field, using the plant as the indicator. As 
previously intimated, probably tio laboratory method, including 
the freezing point method, could ever be expected to designate 
definitely how much lime should be added to the soil. This is 
clearly obvious from the fact that the plant is used ns an indicate!’ 
to determine the effects of acidity and basicity upon its growth, 
and since it is found that different plants are aff'ected differently 
by these qualities. All that a laboratory method might even be 
expected to do, at least from the practical standpoint, is to show 
the maximum lime recjuirement of the soils, and then apply tlie 
lime to these soils according to the requirements of tne ia*ops 
planted. This certainly appears to be the most rational and 
intelligent procedure. However, the experience of various 
observers goes to indicate that heavy applications of lime increase 
the growth of most crops very markedly, and these quantities are 
in accordance with tiiose indicated by the freezing point method.* 

These views as to the clauses of the absorption of lime by soil 
are not incompatible with the presence in soils showing consider- 
able ‘lime requirement ’ of small amounts of carbonate of lime ; 
they also disposer of the idea that such soils are acid or ‘sour’ in 
the ordinary sense. 

It is probable that for the cultivation of the majority of West 
Indian crops the factor which is of great importance is the 
presence of even small amounts of carbonate of lime. Soils con- 
taining even small amounts, even although they ma)’’ exhibit the 
power of absorbing lime in a considerable degree when tested by 
one or other of the methods for determining ‘ lime requirement 
appear to be capable of producing good crops, as is seen in the 
oases referred to in relaticii to some of the St. Kitts and the 
Dominica soils. It would seem, therefore, that in the examina- 
tion of soils gieat attention should he paid to the estimation of 
minute quantities of carbonate. 

The soil conditions of several of the West Indian islands have 
been carefully studied, and analyses have been made jn which this 
question of the amount of carbonate of lime, although often 



exceedingly small, has had direct consideration. Beferehce may 
he jimde to the f(»lIowing papers in this Journal ; ‘The Soils of 
Montserrat \ Vol. VI, p. 2«3, ‘ The Soils of Nevis \ Vol. JX. p. 60. 

‘ The Soils of Antigua \ Vol. XV, p. 69 ; also to the ‘ Report on the 
Physical and Cheinic?al Analyses of the Soils of Dominica, Watts, 
1902, * and that on the ‘Soils and Rocks of Grenada and Carriaeoii, 
Harrison, 1896' The majority of the soils discussed in these 
papers aie of volcanic origin, and contain hut small quantities of 
carhonalc of lime. In a few instances the amounts are exceed- 
iugly sinall. It is hoped tliat in the near future much more 
attention will he given to this aspect of the case, for it is felt that 
while the results of field experiments with crops are accumulating, 
planters may safely be advised to apply lime to those soils, such 
as- those referred to above in the case of St, Kitts, where carbon- 
ate of lime appears to be entirely absent, or where the amount is 
exceedingly small, say, less than *05 per cent. 

As already noted, the correct method of ascertaining the lime 
requirement of any soil in relation to any particular crop is to 
conduct field experiments to ascertain the effect of dressings of 
lime in various forms, and in different quantities. Obviously ^ere 
can be no definite uniform lime requirement of any particular soil, 
unless account is taken of the particular plant to be grown, Tt 
is well recognized that certain plants thrive well only when there 
are fairly large amounts of lime in the soil. Amongst agri- 
cultural crops,' sainfoin and lucerne may be mentioned as lime- 
loving, while most, but not all leguminous crops thrive best on 
calcareous soils, as do many trees and weeds. A list is given in 
Hall’s well-known book * The Soil p. 282, which it is unnecessary 
to repeat here. Unfortunately there are no similar lists available 
as regards West Indian plants, and it is desirable that information 
on this point should be accumulated. 

' On the other hand, there are many plants wliich prefer soils 
containing but very little carbonate of lime, such as lupins, 
serradella, and gorse ; while there are very many which appear to 
be somewhat indifferent, growing as well on soils which contain 
a good deal of carbonate of lime as on those which contain 
relatively little. This character of indifference appears to be quite 
marked in the majority of the crops grown on a considerable scale 
in the West Indies. Thus it is seen that the sugar-cane grows 
ecjually well on the calcareous soils of Barbados, Antigua, and 
Guadeloupe, and on the non-calcareous ones of St. Kitts, Mont- 
serrat, Antigua, and the volcanic islands generally. The same 
appears to be true of most of the crops commonly grown, such as 
sweet potato, yam, cassava, arrowroot, various peas and beans, 
maisse, and, in fact, the majority of West Indian crops. It is 
commonly recognized that botn lime and cacao trees tnrive on 
soils containing very small amounts of carbonate of lime, and in 
the many experiments that have been made in adding lime to 
the soil of cacao orchards, it has seldom resulted that the crop 
has been markedly increased, though doubtless there are many 
instances where the soil of cacao orchaixis contains such small 
quantities of carbonate of lime that the application of lime might 
be expected to prove beneficial. It woula be well worth while 
to examine the soil of ca<^ao mohards specifically as to their 
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carbonate of lime content, anrl to ascertain tlie elfect of aHdin« 
lime in cases where, the defieiencj’ is verv nrouoiince.1. So far as 
the writer of this paper can recollect, lli'ere does not appear to he 
any instaiieo of a cacao industry heing carried on where the soil 
IS distinotly oal(.‘areons. 

The evideiK^e ohhiined from Domiiiioa and other ^Vo.st Indian ' 
islands shows that lime trees will llourish on soils ooiitaininc 
remarkably small ^nmntities of carbonate of lime ; t bey do not 
afip^r to thrive so well on ealoan ous soils, thongli they do i>row 
fairly well in Barbados and Carriaeon on suoli soils. Probably 
they may be ranked amongst those plants vvliioli are indlfFerent 
in this respect. 

It is clear, then, that regular and systematic experiments 
must be the basis of agricnltiiral investigations on this subject. 
Field work must play even a more important part than 
laboratory work in this particular. 

It is important to remember that lime has a relationship to 
soil condition somewhat independent of the immediate re(|uire* 
ment of the plant. The presence of sufficient carbonate of lime 
to serve as a base is necessary for the process of nitrification. An 
excess of lime in the form of hydrate effects marked changes in 
the physical characters of heavy soils, flocculating them and 
rendering them more open and friable. Again, as Hutchinson 
and MacLennan have shown, the presence of an excess of lime, 
as hydrate, effects partial sterilization, so altering the inku'o flora 
of the soil that important changes in bacterial and other 
activities result, wliicli may have great influence on the succeed- 
ing crops cultivated on land so treated. This latter aspect has 
already been discussed in this Joniiial (Vol. XVI. p. 115). 

The subject is, it must be recognized, an extremely complex 
one, and one which cannot he dealt with by laboratory investiga- 
tions alone. Notliing but careful field experiments carefully 
controlled by laboratory investigations can demonstrate what 
is required in agricultural practice in this particular. It is 
evident, therefore, tliat such experiments should be extensively 
conducted by the joint activities of planters and agricultural 
officers, and the results carefully recorded and studied, before tlie 
best practical methods for any district can be laid down. Jt is 
worse than useless to dogmatize from the agiicudl ural practice 
of other countries. 
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MANURIAL EXPERIMENTS WITH CAOAO 
IN DOMINICA. 

BY JOSEPH JONES, 

Agricultural Superintendent and Curator, Botanic Garden 
and Experiment Stations, Dominica. 

The following review, by Mr. J. Jones, of the work in con- 
nexion with the maniirial experiments witli cacao in Dominica, 

Is taken from the Annual Report for 1916-17 of the Agricultural 
Department of that Presidency. Attention may he drawn to the 
statement made relative to the effect of the maniirial treatment 
given during the first two years to plols Nos. 2 to 5, and the 
probable effect of this treatment on the yields of these plots in 
the third year, when the practice of weighing the crop was 
introduced, as compared with, the yield of the no manure plot, 
which had been the subject of comment in the Went Indian 
Bnlleiin, Vol. XVI, p. 125. [Ed. W.LR 

MANURIAL EXPERIMENTS WITH CACAO. 

The customary review of the results obtained in the 
maniirial experiments with cacao conducted by the Agricul- 
tural Department in Dominica is now given. 

A change in the method of presenting the report was made 
last \ear, and the method then adopted is again used. Nine of 
the eleven plots have been running for a suHicient length of time 
1o draw definite conclusions therefrom, whilst the remaining 
two, started in 1913-14, are not strictly comparable, and are 
therefore discussed separately. 

The first seven plots are situated on level ground and occupy 
approximately 2 acres. The soil is niorlerately even in character, 
especially that of plots 1, 2, 8, 6 and 7. Plots 4 and 5, on a lower 
level, are rather heavier, plot 4 being distinctly so. 

Plots 8 and 9 are situated on a steep hillside, a situation 
typical of many acres of cultivation in Dominica, 

The physical and chemical nature of the soils of the plots 
have been ascertained at the Government Ijaboratory, ^Antigua, 
and may be seen on reference to the West Indian Bulletin 
(Vol. lY, pp. 81-119). 

It is here necessary to make a correction in the published 
figures of the last few years. In a paper recently published* on 
the significanoe of the results obtainea in these experiments, the 
writer, Mr. W. R. Dunlop, makes the following statement : — 

* In previous statements of the results of these experiments 
however, one important point has not been taken into account. 
It will be observed that tne yield of the control plot began some 
300 lb. of cured cacao per acre below the plots which were to 
receive treatment : . . . • allowance should have been made 
for this constant difference.’ 

• Wut Indian Bulletin* Vol. XVI, pp. 121-6. 




343 


On referring to previous progress reports of this Depart- 
ment, it will be ascertained that in the year 1900-1, the Hon. (now 
Sir) Francis Watts laid out a certain scheme of nianurial 
treatment, which after slight modification was adopted in that 
year. The manures were applied in May- June of the same year 
for the first time, and the same manures have been used 
annually without a break since that date. 

In the following year (Progress Report, 11)01-2 [>. 5), the 
following report on these plots ar'peared 

‘ The cacao nianurial plots failed to show any improvement 
over the control plot during the year. Tins is attributable to 
two very dry years, the rainfall in which was 33*31 inches and 
23*95 inches, respectively, below the average. During the present 
period the rainfall has been normal, but badly distributed, nearly 
50 inches falling in June, July, and August. Tin* experiment 
will be continued, and the result of the application of special 
uiauures, if any, noted under normal climatic conditions. 

‘ What strikes one most in d<niling with fields made up of 
various strains, is that certain kinds of cacao usually bear well, 
while other trees exist that year after year bear little or nothing. 
This shows the importance of selecting pods for seed from prolilic 
strains only. This has been done largely in Dominica for the 
past nine years. All the plants and pods distributed are carefully 
selected, and in cpiality and bearing powers, Dominica cacao 
should show a great improvement in the future.* 

For the first two years the yields of the plots were not 
actually weighed, as it was then thought possible to estimate the 
results sufficiently accurately by the appearance of the trees and 
the crops thereon. After two years of manuring the plots failed 
to show any visible improvement over the control plot. 

During 1902 3, after tlio third application of manures, it was 
decided to weigh the yield.s from each plot separately, and the 
figures were published. 

The conclusion of the writer referred to above, as to the 
natural yield of the conti’ol plot being lower, cannot be accepted 
as definite. The increase of some 300 lb. of cured cacao per acre 
shown by all the plots over the control plot in 1902-3, may quite 
easily have been due to the two applications of manure they liad 
received, and not to the supposed smaller ‘ natural yield ’ of 
control plot. As reference to tlicsc reports show, the control 
plot was in Jio way inferior to the other plots at the outset of th^ 
experiment. 

It is regretted that these facts were omitted from pi'cviou>» 
recent reports ; the oniis.sion has led to a certain amount ol 
confusion. 

Tlic first five plots were thus slai'l-ed in the year and 

the crops were first weighed in 1932-3. Hiiuilar tieatiiieiit lias 
l)eeu accorded to <.*ach plot in every Huc<;eecling year, so that at 
the present time the condition of each represents the a(;cumulated 
results of seventeen yeai’s* continuous treatment <#ii the same 
lines. The reiiiainiiig four plots wc*ro started eight years later, 
and each plot lias thus obtained identical treatment for ten year-;. 



Table I. 

ABEA OF PLOTS UNDER EXPERIMENT, 1916-17. 


The following table shows the number of trees per plot and 
per acre at the present time, the area of each plot, the maniirial 
treatment received, and the year of the first application of the 
manure 
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B 

E 

D 


db ^ 

■§ 
o 
PQ 


54 

60 

66 

12 

49 


i 

d 1 

.2 I 

OQ 


C 

03 

£ 

<! 


Manurial treatment. 


15 1 0*28 1 No manure. 

Basic slag. 4 cwt. per acre. 

6 0*29 Sulphate of potash, li „ „ 


5 1 0 86 I Dried blood, 


1 


I 

4^ 

08 

o 

'5- 

c6 


u 


c8 

a> 


1900-1 




Basic slag, 


1 

Dried blood, 4 

6 0*29 Sulphate of potash, I i 


M ft 
t> 


6 F I 19 

7 G 50 

8 H 86 


Mulched with grass and lea\eB, 
4 U’87 5 tons ]>er acre. 

I ' 

* Mulched with gr.iss ami leaves, 

6 0 25 4 tons per acre. 

8 0 25 Colton -seed meal, 660 lb. per acre. 


9 1 88 I 1 


0 IJ J No manure. 

Mulched with grass and lea\e8, 
0'o73 5 tons per acre. 


101 


K IU6 


0*4 


Mulched with grass and 
leaves, 2] tons per acre. 
Lime, 5 cwt. „ „ 


11. L 95 


Calcium cyanainidc (Nitroliin), 
0*25 1 cwt. per acre. 


1907 


1913 


Soiij^'eais ago the plan was adopted of planting on each 
plot a sniTicienl number of trees to cover the grouud, and the 
figure given represents the number of bearing trees in each plot 
at the present tim^; lix several plots a number of trees have 
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recently died, especially in the control plot 1, there being no 
fewer than fifteen non-bearing trees in this plot at the present 
time. The continued finctnation in the number of trees renders 
the figure for the yield per tree very uncertain, and this has 
in consequence been omitted from the results for the season 
now under review. 

The plots have received the same manurial dressings as in 
previous years. The method of application consists of raking 
away the leafage in a circle round each tree, applying the manure 
in the space thus uncovered, and then raking back the leaves over 
the manure. In those plots receiving both basic phosphate and 
dried blood, an interval of several weeks is allowed between the 
application of the two manures. The mulch after being carefnlly 
weighed is scattered evenly over the surface of the plot. The 
material of which the mulch is composed is of two typea, varying 
widely in their chemical composition. To the mulched plots 
5 and 6, varying quantities of mulch composed largely of fallen 
leaves and pods of the Saman tree {Pifliecol buim Saman) are 
used ; for plots 9 and 10 no Saman tree material is utilized, 
but in this case the fallen leav’cs of the West Indian mahogany 
tree (Swietenia Mahayoni) supply the mulching material. The 
manures and the mulch are applied once a year. These are the 
sources of coarse organic matter which are available in an 
experiment station of this nature. Similar results would in all 
probability bo obtained by the use of many other forms of 
organic matter. As an appendix to last year’s report. tJit‘re was 
given the analysis of a large number of materials which could 
be utilized equally well. Several of these arc under experiim^iit 
in this Station, and reliable information as to the quant itv whidi 
can be produced, and the cost of [)roduction will, we hope, be 
soon available. Tlie value of several of these manures, such as 
pen manure, sliecp manure, etc., is well known and appreciated 
by planters. 

No forking has been performed in any of the plots sim^e the 
inception of the experiments, the only cultural operations under- 
taken beyond the application of the manures being the nsmd 
ones connected with 1-he pruning ol trees, and sanitation ol the 
orchard. 

The yields of (;aeao recor«led each year are fv>r perio<is ol 
twelve months terminating on June 1 his datc^ is (jhosen 
because there is no cacao being gathered at that time. (Ither 
dates possess the disadvantages that, owing to tJie fluctuations 
in the spring or careme crop, it may ha})pcn that two such (U’ops 
are included in one yoai’ — a late crop of one year. a!id an early 
crop of the succeeding year ; while on other (X'-casions there may 
be no carbine crop m the year under review. Huch Huctuaiions 
disturb and ijoiifus.'/ the records, hence the results ai’(* madc^ to 
refer to the crop year exteiuling from July 1 to June. I bis 
mode of reckoning is recommended for adoption as a basis of 
records in connexion with West Indian cacao irrops. 
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Rainfall. 

The annual rainfall for each year eiiice the inception of the 
experiments is given below. In accordance with the matter in 
the previous paragraph, the figures are given for twelve months 
commencing on July 1 of one year and ending on June 30 of 
the next. 




Period. 




Year. 

Inches 

Twelve 

months ending June 30. 


1903 

72-46 


ft 

•f 

ft 

•f 


1904 

93*02 


>f 

If 

ft 

ft 


1905 

7013 


ti 

It 

tt 

tt 


1906 

74'60 

»> 

ft 

ft 

ft 

ft 


1907 

6902 

ft 

ft 

It 

.ft 

tf 


1908 

67*08 

If 

7f 

tf 

ft 

It 


1909 

69*47 

ft 

ft 

ti 

tt 

It 


1910 

94*90 

tt 

ft 

ti 

tt 

tt 


1911 

89*71 

ft 

ft 

t) 

ti 

tt 


1912 

80*54 


Jt 

ti 

tt 

tt 


1913 

64*76 

tt 

It 

•f 

tf 

t) 


1914 

71*60 

ft 

it 

ft 

It 

ft 


1915 

80*00 

ft 

)• 

t« 

If 

tt 


1916 

94*10 


ft 

tt 

ft 

tt 


1917 

93*71 

The following table shows 

the yields 

in the 

year under 


review, together with those from the plots in each year since the 
systematic record of the returns was first undertaken. 

The yields of the past year are shown in the bottom line of 
the table. This method enables the progress of each of the plots 
to be seen at a glance. The yields are given in terms of pounds of 
wet cacao per plot and per acre, and cured cacao pounds per acre. 
In calculating the yield of cured cacao per acre, the assumption 
is made that 100 Bb. ot wet cacao will yield 42 11). of cured cactat>. 
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Table II. 

MAIN SERIES. 

Yield for sevenieen 1900 - 17 . 



Plot 1. 

Plot 2. 

Year. 

No 

lu an lire. 

Pliosphate 

and 

potasli. ! 


Per 
plot, i 

Per 
ac re 

Per 
plot. J 

Per 
ac re. 

1900-2 

No 

reco 

rds 

were : 

1902-3 





\V et cacao . . . 

759 

2,711 

1,083 

3.888 

Cured cacao 


1,138 


1 ,540 

1903 4. 





Wet cacao . . 

548 

1,956 

808: 

2,788 

Cured cacao 


82.^ 


1,170 

1904-5. 





Wot cacao 

873 

2,403 

814; 

2,801 

Cured cacao 


1,009 


1,179 

1905-6. 





W et cacao . . . 

748 

2,672 

783; 

2,831 

Cured cacao 


1,122 

’ 1 

1,105 

1906-7. 



I 


Wet cacao ... 

730 

2,807 

887j3,059 

Cured cacao 
1907-8. 


1,095' 


1.285 

W et cacao . . . 

903 

3,225' 

1,180 

4,000 

Cured cacao 


1 , 354 ; 


1,880 

1908-9. 





Wet cacao . 

978 

3,4921 

1,205 

4,155 

Cured cacao 

... 

1/167 

! 

1,745 

1909-10. 


3,029 



Wet cacao ... 

848 

983 

3,321 

Cured cacao 
1910 11. 


1,272 


1,395 

I i 

Wet cacao .. 

859 

3,067 

1,097 

:i,783 

Cured cacao 


1,288 


1,589 

1911-12. 


2,871 



Wet cacao .. 

804 

1,012 

3,490 

Cured cacao 
1912-13, 


1,200 


1,466 

W et cacao . - 

892 

13,188 

. 1,088 

3,752 

Cured cacao 
1913-14. 


!l,338 

1 

»i ... 

1,576 

i 

Wet cacao ... 

878 

2,422 

! 885 

3,050 

Cured cacao 


1,017 


1,281 

1914-15. 


'2,782 



Wet cacao ... 

779 

\ 1,049 

3,817 

Ciire<l cacao 

... 

l,18fc 

\ ... 

1,519 

1915-16. 




>3,827 

Wet cacao .. 

. 715 

2,551 

1 1,11(J 

Cured cacao 


1 , 07 : 

1 ... 

1,607 

1918-17. 



1 1,28.: 

i4,431 

11,881 

Wet cacao .. 

911 

3,381 

Glared cacao 


1,41; 

2 ... 


Plot 3. I Plot J. : Plot 5. 


Drieil j 

blood, i Miilohe<l 
|phospliato with ^rass 
and and 

potash. ' loaves. 



i Per 
.acre. I 


^ Per j Per | Per 
. ae. re.i plot.jae re. 


1.281 


3,5881 

1,494 


l,104i3,807 
... Il,599 


1,145 


970*2,894 
... ,1,131 

970 2,894 
... 1,131 

[,058*2.933 
... 1,232 

972 2.700 
.. 1,134 

I 

1,381 3,838 
1.811 


► 1,377 


12,545 

1,069 


|3,378| 

1,418 

|3,588 

il,508| 

3,479 

1,181 

|4,089 

1,709 


082|2,600 
... [1,092 

I 

ll, 279*3, 157 


|3,095 

1,300 


1,450 


11,519,4,105 
jl.724 

1,538i4,151 
... 11,713 

1,773| 1,792 

... | 2,012 


l|i,187{3,241 
|l,381 

;| 1 , 28913,581 
! 1,504 


3,8 25 1 ,344 14,834 j 1 ,777 1 4,803 
1.607 ... 4,948, . 1 2,017 

1i,287 4.389|i,822!|,92 1 
' 1,835: ... ,2,088 

I j 

1, 29714, 473 ! 1,890:5,107 
ll.879| .. 12,145 


)|l,272,:i.533|l ,272 1,:i87 
1,842 


1,484 

il, 200 1,314 
1,764 

53,147 
1,322 

>3,794 
1,593 

J 3,607: 
1,514 


14,531 

|1,903| 

113,807 

I, 599 

33,907 

II, 611 

03,686 

1,518 


1,721:4,651 
. ;i,953 

12,001^5,408 
... i2,271 

1,509 4,078 
... ,1,713 

I 

1,7154,835 
... jl,947 


r4,158 1,486 5,1 21 


11.474’ 


1,7721 


13,984 

1,673 

4,789 


... |2,152i ... i2,0il 



Tablb hi. 

ADDITIONAL SBBIES. 


Yield for ten yearSt 1907-17, 



Plot 6. 

Plot! 1 

Plot 8. 

Plot 9. 

Plot 10. 

Plot 11. 

Year. 

Mulched 
with grass 
and 
leaves. 

! 

Cotton- 1 
seed 
meal. 

! 

No 

manure. 

Mulched 
with grass 
and 
leaves. 

Mulched’ 
with grass 
and 
leaves. 

Calcium 

cyana- 

inide 

(nitrolim). 


Per 

Per 

Per 

Per j 

Per 

j Per 

Per 

Per 

Per 

Per 

Per Per 


plot. 

acre. 

plot. 

acre.! 

plot. 

acre. 

plot. 

acre. 

plot. 

acre. 

plot.; aci*e. 

^ 1907-8. 






1 





, 

Wet cacao .. 

881 

3,524 

1,0194,076 

8822,130 

1,053 

2,823 




Cured cacao 


1,4801 ... 

1.712; 

1 


[ 895 

... 

1,186 




1908-9. 












Wei cacao ... 

1,119 

4,476 

l,060i4,240: 

957 

12,311 

1,214 

3,255 

j 



Cured cacao 


1,880 


11,781 


971 

... 

1,367 



' 

^ 1909 10. 












Web cacao .. 

1,242 

4,969 

10,394,1.56 

965'2,33J 

1,352 

3,625 




Cured cacao 

... 

2,087 


1,716 


979 


1,523 




1910.11. 












Wei cacao ... 

1,225 

1,900 

1,006 

4,024 

977 

'2,360 

1,897 

5,086 




Cured cacao 


2,058 


1,690 


901 


2,136 




1911-12. 












Wei cacao .. 

1,070 

4,280 

92 ^ 

3,692 

924 

2,232 

1,669 

1,176 



] 

Cured cacao 

. . . 

1,798 


1,519 


937 


1,879 



j 

1912- i;i. i 












Wet cacao ... 

1,377 

5,508 

1.207 

4,828 

815 

2,011 

1,67 J 

1,487 




Cured (jacao 1 

■■■ 1 

2,313 


2,028 


8.57 

1 

1,885| 


i 


1913-11. 








1 



t 

Wot cacao . . . 

i;joo 

5,200 

92-1 

3,696 

767 

1,8.53 

1,548 

4,150: 

667; 

1,667 

6092,436 

Cured cacao | 


2,181 


1,552 

... 

778 


1,743 


70Ui 

... 1,023 

1911-15. 






i 



1 



Wet cacao .. 

1,529 

6,116 

1,229 

1,916 

947 

22,87 

1,750 

4,692 

899:2.242i 

7823,128 

Cured cacao 

... 

2,569, 


2,065 

... 

960 


1,971 


942 

... 1,314 

^ 1915-10. 








1 




Wot cacao .. 

1,380 

5,52u 

977 

3,908 

811 

1,966 

1,132 

3,839 

1,021 

2,560 

705 3,180 

Cured cacao 


2,318, 


1,611 

1 


82.5 

1 

1 


1,612 


1,075 

... 1,336 

1910-17. : 

1,‘3H0 





1 


, 



1 

Wet cacao v..j 

5,520 

1,118 

1,4721 

1,121 

2,713j 

1,563 

1,190 

1,234! 

3,185 

862,3,448 

Cured cacao I 


2,318; 

... 

1,878 

1 

... 

1,140 

t 

! i 


1,760 

... 1,296 

... |l,448 
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Table IV. 

Average Annual Return for fifteen years. 

The following supplementary table gives the average annual 
return of wet and dried cacao in pounds for fifteen years in the 
case of the first five plots, and for nine years in' the ease of 
plots fi to 9. The last column shows the ])ercentage increase of 
each plot over the no-inanure plot : — 



• ■ 1 

Wet ; Cured 

Increase 

No. 

Manurial treatment. 

cacao, jcaoao, 

over jio- 

ma nure 



per 

plot. 

per j per 
acre., acre. 

1 

plot, 
per cent. 

1 

No manure ... ... 

790 

i 

2.821 1,185 

... 

2 

Phosphates and potash 

1,013 

3,493; 1,467 

23-8 

fi 

Dried blood ... 

1,23(5 

:4.I33 1,412 

21-7 

4 

Dried blood, phosphate and potash 1,1 5()jfi,^>Sfi 1,071 

11-3 

5 

Mulched with grass and leaves ...1 

l,09o! 1,297 1,8(15 

52-3 

C 

Mulched with grass and leaves . . 

i 

l,2.')0,5,(l(K), 2,100 

; 77-2 

7 

Ootton-seed meal 

l,05(i| 1/200', 1,7(54 

18-8 

8 

No manure ... 

92( ('2,222! 


9 

Mulclied with grass and Icavc.s ... 

l,5irr 1,0(52 1,70(5 

82-8 


The pecuniary aspect of tlie (‘-xptirimeiits is dealt witli in the 
two following tables, in which an* shown the gain Ironi the 
ajiplication </f tlio dillereiit inaniiieH both foi* the aveiage reluj’n 
of tlie entire ])eriod during whioli the experiintiuts liave been 
conducted, and that for the year under nniew. In calculating 
the monetary gain, the value of cured cacao ha.s, as in ])revi()us 
reports, been assumed at 0(Z. per lb. During tlie last two years 
the value of cacao has been v eiy considerably higher than tliis, 
but at the same time the cost of the manures has risen, (‘specially 
sulphate of potasli, now practically unobtaina))le on a comnn^naal 
scale. 

Under these circumstances, it is thought bosl not to changtj 
the values, at least not until conditions an* nun'c settled. 

In calculatijig the nionctai v gain resulting from tin* ap|)li(;a* 
tion of tlie various manures, the (msl of collecting airl ajjplying 
the luiilch to the various nmhduid plots has been assumed t(» be 
8U.S. per acre. In practice at the Botanic U a rUen it is (;onsider- 
ably less tlian this, since the collecting of thc^ fallen leaves 
constitutes a part of the ordinary routine in the can* of tlie 
grounds. It is estimated, however, that a mulch of the size 
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indicated could be obtained from the surrounding bush and 
applied under the conditions obtaining on a cacao estate in 
Dorninioa, for the sum mentioned. Further, under estate 
conditions in Dominica, sheep and pen manure can be made at 
a cost of under 208. per ton, and this when applied to the cultiva- 
tion woidd produce similar results to the mulcli referred to above. 

Table V. 

Monetary (jain from Manuring. 

The following table shows the average monetary gain from 
manuring over the whole period of the experiments : — 


Plot. 

Average annual 
yield of cured 
cacao, per acre. 

Gain in cured 
cacao over No 
manure. 


»>. 

1 

ib. ; 

1 

1,185 

1 

2 

1,167 

282 

3 

1,442 

257 I 

1 

1,671 

480 1 

o 

1,865 

620 i 

6 

2,100 

915 1 

7 

1,761 

576 i 

8 


1 

9 

1,706 

773 j 


Value per acre of 
increase over Ko 
manure at 6d. 
per of cured 
cacao. 

Cost of manuring 
per acre. 

! 

Net gain per acre 
by manuring. 

s. d. 

8. d. 

8. d. 

Ill 0 

15 3 

95 9 

128 t> 1 

52 0 

76 6 

244 ti 

97 3 

147 3 

310 0 

89 0 

2 0 0 

457 0 

80 0 

337 6 

288 U 

1 

1 

40 0 

i 

1 

218 0 

i 

386 6 

80 0 ' 

306 0 


asi 


The monetary gain for manuring during the year 1916 17 
may he shown as follows : — 


No. 

Yield per acre 
of cured cacao, 
1916-17. 

Gain per acre 
over No manure. 

Value per acre of 
> increase over No 
manure at 6d. 
per Ib. of cured 
cacao. 

Cost of manure 
per acre. 

V 

s 

y.P 


11 >. 

n.. 

s. <1. 

s. d. 

s. d. 

1 

1,412 

... 

i 


... 

2 

1,861 

419 

221 (i 

45 

179 8 


1,716 

:v,i\ 

1(57 (t 

52 1 1 

115 0 

4 

2,152 

740 

:570 0 

97 8 

272 9 

5 

2,0 LI 

599 

2»!) (! 

80 0 

219 6 

6 

2,818 

906 

-15:5 0 

80 0 

878 0 

7 

1,878 

166 

2 : 5:5 n 

40 0 

298 0 

8 

1,140 





9 

1,769 

1 

620 

i ;5i(» 0 

1 

80 0 

280 0 



COMPAUISON OP RfSULTS. 



The yield of the plots during the past year vvlieii coinpan'd 
willi that of previous years gave satisfactory n*suhs. VV^hen 
<^oinpared witli the r<*sults of the preceding year, which owing 
to uiifavourahle climatic conditions v/as not a good year, tJic 
increase looks ahuormal, hut when ctonipared with the average 
yitdds ol the whole period we liiul that all the plots show 
substantial inci*eases. 
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The refliiltfi obtained by this method are tabulated bolow ; — 


N’t). 

Average yield over 
whole period of 
experiment, in 
cured cacao, 
ft), per acre. 

Yield for 
1916-17 in 
cured cacao, 
ft». per acre. 

1 Increase pt 
decrease 
in ft), of 
cured 
cacao. 

I Increase in 
11916 17 ovei 
jwhole period 
per cent. 

1 

1,185 

1,112 

+ 227 

19-1 

2 

1,467 

1,861 

+ 394 

26-8 

3 

1,442 

1,746 

+ 304 j 

211 

4 

1,674 

2,152 

+ 478 

28-0 

5 

1,805 

2,011 

+ 206 

11-3 

6 

2,100 

2,318 

+ 218 

10-7 

7 

1,764 

1,878 

+ 114 

6-4 

8 

933 

1,140 

+ 207 

220 

9 

1,706 

1,760 

+ 54 

3-1 


During the past year a hurricane was experienced wliicli 
accounts for the variation between the increased yields of the 
various plots. 


Some of the plots suffered the loss of several trees, others 
were only badly shaken. From observations made it would 
appear probable that M'^hen fruit trees are seriously shaken the 
tendency is for them to flower profusely and produce an abund- 
ance of fruit. This is probably what has happened to the 
complete manure plot, which produced the highest yield on 
record for this crop, and 28 per cent, more than the average 
return over seventeen years. 

The trees on this plot certainly do not look wed, and one 
fears that in spite of this heavy crop, they are not in a satis- 
factory condition, aiul that in a few years a considerable falling 
off will be recorded. 

Though the foliage of the trees on plot A (phosphates and 
potash) is scan tv, the trees continue to bear well. Nevertheless 
phosphates and potash without nitrogen cannot be regarded as 
a satisfactory inanui'e for cacao. 

The cotton -seed meal plot again maintains its satisfactory 
condition as regards yield, and it is certainly a very sound 
manure to use. We would, however, recommend that for the 
l^st results a heavier application than UOO Hk per acre be given : 
1,000 lb. per acre would probably be sufficient not only to give 
satisfactory crops but also to maintain the trees in a vigorous 
state of health. 



Dried hlood or some oilier form of oi'^anio matter of a similar 
nature eau be recommended, tlioucvh much 1x^1 t»>r iv'sults are 
obtainable when the iiitre^en of tills uiaiiiiiN' is siippleimMitcsl 
with phospliates and potash. 

The (ihief featuiv of the‘je experiments is. however, the 
way they have proved that, by maintaining Ihehunins <*ontent 
of the soil by systematic applications of organic matter, it is 
ininexjessaiy to resort to the use of artiti(aal manures. The hi^^h 
yields recorded in previous reports a.re a^ain revichod on these 
plots dui-ing the year. 

With a view of ascei-tainin^ the least amount of mnleh 
necessary to produce satisfactory results, a [)lot was start (xl in 
1913-14 whieli receives only 2^ tons jxu- acre as against tin* 
higher amounts (5 tons and I tons) us(‘d on tin' ot her inul(;hcfl 
plots. 

Tn three years the output ironi this plot has been nearly 
doubled, and instead of yielding at the rab^ of 790 ll>. of cacao 
per acre, it now yields 1,290 lb. It is too early yet to say wliether 
by making the smaller application, the high yields of tlu* otlna* 
mnlched plots will he reached and maintained. 

The niirolim (calcium cyanamide) plot continues to maiutaiu 
the iuoreased crop y^rodneed after the application of this manure. 


ON THE GENETICS OP CRINKLED DWARF 
ROGUES IN SEA ISLAND COTTON. - Part 2. 

nv h?. C. HAKi.ANi;, u se. (I.OND.), 

Assistant for Colton Uosearch. 

In Part 1 of this si udy.'* the and results were given 
of the cross Sea Island hy Rogue, togelhoj* with a general drs 
cription of the rogues. Jt was suggested that the* rogue may )m‘ 
considered as a retrogressive mutation from Sea Island, due lo 
iJie loss of a single factor. 

TllK GKNKRATIOX. 

On examining the progeny of plants which were Sea JslamI 
in appearance in tlie F.^ generation, it was found tliat tlierc 
were two types of behaviour, (a) families wl ich bred t.riu^ to 
the Sea Island character, (b; families which segregated into Sea 
Island and Rogue. In all, sixty-eight families were grow u. Of 
these twenty- two families proved to be pure Sea Island, wdiile 
the remaining forty-six families w^ere heterozygous. 

♦On the Genetics of Crinkled Dwarf Rogues in Sea Island Cotton. 
West Indian Bulletin, Vol. XVI, No. I, p. 82. 
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It was stated in Part 1 of this paper that it is extremely 
difficult to secure self-fertilized seed of the rogues, owiii^ to tlieiV 
great liability to boll-shedding. The parental rogues have bred 
true for four generations, however, with absolutely no variation 
in morphological characters. Three families were grown in 
the F .3 generation. As will be seen from Table 1 II below the 
progeny consisted of rogues only. 

Table IIT 


Families pure to the Rogue character in F.;. 


No of family. 

^ ea Island. i 

j Rogue. 

t)9 

0 

1 

i 31 

70 

0 

i bo 

71 

0 j 

_ . _ 1 

52 

Total ... 

0 

• 98 


It is clear from the results of the third liybrid generation 
that there is a genetic difl'erence between 8ea Island and Rogue, 
and that this genetic dili'erenue is inherited in simple Meiiflelian 
fashion. The progeny of the peculiar rogue referrt‘d to in Part 1 
of this paper, which took on the Sea Island character in its 
later stages of growth, showed that the plant was a normal 
heterozygote, giving thirty- nine Sea Island to sixteen Rogue 
ill F;,. The economic importance of this study lies in th(* fact 
that a given strain of Sea Island can easily he pnril*u‘d from 
rogues by self-fertilizing for two generations. 


(Ptiges *27.'--3.V), AfM'il ‘io, iai«.) 
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